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I .  INTRODUCTI ON 
M any s c i ent i s t s  inv es t i gat ing f o r e s t ry p ro b l ems have 
ad vo c a t e d  the us e of ope rat i onal s a t e l l i t e  r emo t e  s en s ing 
s y s t ems a s  a s o u r c e  of fo re s t  i nv e n t o ry info rmat i on 
( Sayn-W i t t g en s t e in , 1 9 7 7 ; W i l l i am s  and M i l l e r ,  1 9 7 9 ;  
Tal b o t , 1 9b 1 ) .  Sat e l l i t e  s y s t ems o ff e r t h e  p o t e n t ial of 
wo r l d -w i d e  r e pe a t  cove rage , b ut t h e i r  i nab i l i t y  to 
d i s c r im in a t e  ind ivi dual t r e e s  r e s t r i c t s  the l e vel of 
d e t a i l e d fo re s t  info rmat i on that c an be a c qu i r e d . Fo re s t ed 
land s are ea s i l y  i d e n t i f i e d  on Land s a t  mul t i s pe c t ra l  s c anne r 
( MSS ) imag e ry , and the d i s c r im ina t i o n  b e t we e n  mi x e d  
d e c i d ious a n d  eve rg r een f o r e s t  s t and s c an b e  m a d e  wi th 
mu l t i -da t e  c ompa r i s on s . Th i s  s tu d y  c on c e n t ra t e s  on the 
que s t i on o f  how mu ch mo re d e t a i l e d inf o rma t i o n  c an be 
r e l i a b l y  o b ta ined f rom Land s a t  MSS d at a . The pu r po s e  of 
t h i s  s tu d y  is t o  eval ua t e the s e n s i t i v i t y  of the Land s a t  MSS 
t o: 1 )  var i a t ions o f  s pe c i e s  wi thin a f o r e s t  p l an t a t i on and 
2) age , c r own c l o su re , and s tand den s i t i e s  ( i . e .  t h i nn i ng s ) 
w i t h i n  t h e  s p e c i e s . 
Th i s  inv e s t i gat i on c an b e  j us t i f i e d  in s e v e ral ways . 
F i r s t , a s  a geog raph i c a l  s tudy ; p la n t  g e o g raphy i s  the 
b ran ch o f  s c i e n c e  that a t t emp t s  t o  d e s c r i b e  and e x p l ain the 
une ven d i s t r ib u t i on of p l ant s upon t h e  s u r f a c e  o f  the ea r th 
( Daubenm i re , 1 9 7 8 ) .  Th e d i s t r i b u t i o n  of p l an t s  ref l e c t s the 
infl uen c e  of s ev e ra l  fa c t o r s s u ch as c l imat i c  c ond i t i ons , 
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p r e c i p i t a t i on , t o po g raphy , s o i l s  and human a c t i v i t y . Thu s 
v eg e t a t i on s e rv e s  t o  give a re g i on i t s  c ha r a c t e r , and may b e  
u s e d  t o  d if f e r e n t i a t e  r e g i on s  a n d  t he i r  c ompone n t s ( Ku c hl e r ,  
1 9 6 7 ) .  Th e f i r s t  s t e p  t owa r d  d e s c r i b ing and e x p l a i n i ng 
p l an t  d i s t r i b u t i ons is to ma p them . Th e Lan d s a t  remo t e  
s en s i ng s y s t em p r o v id e s  geog raph e r s  w i t h  a powe r f u l  t o o l  for  
ma pp ing and mon i t o r ing the e a r t h ' s  v e g e t a t i on . Th i s  s t udy , 
t o  e v al u a t e  the s en s i t i v i t y  o f  t h e  Lan d s a t  M SS t o  sub t l e  
va r i a t i on s  o f  v e g e t a t i on wi thin a man-mad e f o r e s t , i s  an 
e x e r c i s e  in v e g e t a t ion map p i ng . 
Ano the r j us t if i c a t i o n  f o r  t h i s s t u d y  i s  b a s e d  upon 
the g row i ng n e e d  of f o r e s t manag e r s  f o r  mo r e  e x t e n s iv e  and 
d e t a i l ed fo re s t  d a t a . This s t udy is a c on t inua t ion of 
p r e v i o us inv e s t igat ions b y  o t h e rs to d e t e rmine the amoun t · of 
d e t a i l ed fo re s t  info rmat i on avai l ab l e  in Lan d s a t  d a t a . 
Fo r e s t s  c on s t i tu t e  the ma j o r  l and c ov e r t ype of the 
wo r l d  ( F . A . O . , 1 9 7 8 ) .  The wo r l d ' s  f o re s t s p r o v i d e  p ro duc t s  
fo r c on s t ru c t i o n , food , pape r ,  fuel , a n d  many o the r us e s . 
Fo r e s t s p r o v i d e  p r o t e c t i on fo r wa t e r s he d s  b y  cont ro l l ing 
e r o s i o n , p r ov i de f o rage fo r l i v e s t o ck , a r e v a l ua b l e  hab i t a t s 
fo r w i l d l i f e , and have many re c r e a t i onal u s e s . 
As  the p o pu l a t ion of the wo r l d  mu l t i p l i e s , the r� i s  
a n  i n c r ea s ed d emand fo r fo re s t  p r o du c t s  a s  we l l  as  a need 
fo r m o r e  ag r i c u l tu r a l  and grazi ng l and s . As a r e s u l t , man y 
f o r e s t s  a r e be ing ove r c ut o r  d e s t r o ye d  al t o g e t h e r ( Ta l bo t , 
1 9 8 1 ; Sa yn-W i t tgen s t e in , 1 9 7 7 ;  Wil l iams and M i l l e r , 1 97 9) .  
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To mee t t h e  i n c r e a s ing d eman d s  upon t h e  f o r e s t l an d  bas e and 
to en s u re c on t inued fo re s t  p r o du c t i v i t y , m o r e  i n t e n s ive 
f o r e s t  manag ement p r a c t i c e s  a r e  n e e d e d . Th i s  type o f  
managemen t  r e qu i re s  mo re c omp l e t e . a n d  u p - t o -dat e fo re s t  
inv en t o ry i nfo rma t i on a t  the l o c a l , r e g i o n a l , na t i onal and 
g l o b a l  l ev e l s  ( W i l l iams and M i l l e r , 1 9 7 9 ;  
Sayn�W it t g en s t e i n , 1 9 7 7 ) .  Sa t e l l i t e  remo t e  s e n s i ng s y s t ems 
a r e w e l l  s u i t e d to aid in the a c q u i s i t i o n  of f o re s t  
inv ent o ry i nf o rma t i on� Mul t i s t ag e  s am p l i ng t e c hn i qu e s  
u t i l izi ng g r ound data , ae r i a l  pho t o g raphy , a n d  s a t e l l i t e 
d a t a  can p r ov i d e  the ne c e s s a ry info rma t i on fo r a l l  l e ve l s  o f  
managemen t . Th e amount of de t a i l ed f o re s t  i nf o rmat i on that 
c an b e  o b t a in e d  f r om s a t e l l i t e  s y s t em s  w i l l  d i r e c t l y  impa c t  
the s p e e d , e x pe n s e , and general ef f i c i en c y  o f  r e g i onal , 
na t i onal , and g l o b al fo r e s t inv ent o ry and moni t o r i ng 
p r og rams . Th i s  s t udy evalua t e s  the p o t e n t ial of Lan d s a t  t o  
p r o v i d e  f o r e s t i nf o rmat ion regard ing s pe c i e s  and o th e r s t and 
c h a r a c t e r i s t i c s  requi red fo r info rmed f o r e s t management 
d e c i s i on s . 
Hypo th e s i s  
Th i s  s tudy wi l l  a t t empt t o  d e t e rm ine wh e t he r 
c ombinat i on s  o f  s p e c i e s , age , c r own c l o s u r e  and thinnings 
wi t h i n  a f o re s t  p l ant a t i on re s ul t  i n  un i que s pe c t r al 
s igna t u r e s  t ha t  c an b e  d e t e c t ed by the Land s a t  MSS . 
Spe c t ral va r i a t i on s  w i t h i n  a New Z e a l an d  f o r e s t  p l an t at i on 
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F i g . 1 .  Lan d s at FC C of the Kai ngaroa St ate Fo r e s t  
F i g . 2. Deta i l  of Kai ng a r oa St a t e  Fo r e s t 
C ompa r e  to Fig . 6. on page 2 2. 
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a r e  a p p a rent on a Land sat f a l s e  c o l o r c om po s i t e ( FC C )( Figs . 
1 and 2 ). The hypo the s i s o f  t h i s  s t u d y  i s  that the s e  
s pe c t ra l  d iffe re n c e s  a re r e l at ed to va r i a t i on s  i n  s pe c i e s  
c ompo s i t i on ,  age , c rown c l o su r e , a nd p e rhap s  t h i nn i ng among 
the v a r i ou s  c ompa rtment s in the p l an t a t i on . 
Limi tat i on s  o f  the Stu dy 
Th e r e a r e  s e v e ra l  l im i ta t i on s  t o  t h e  i n v e s t igat i on . 
One l imi ta t i o n  i s  the a pp l i c a t i on o f  s t u d y  r e s ul t s . Res u l t s  
o f  th i s  s t udy a r e  no t d i re c t l y  appl i c a b l e  t o  nat u r a l  f o re s t  
l and s . F o r e s t  p l an t a t i ons a re man-mad e f o r e s t s . Stand s o f  
t r ee s a r e a rt if i c a l l y e s tab l i s he d . Thi s  u s ua l l y  re s u l t s  i n  
s i ngl e  s p e c i e s  c ompo s ition , e ven-ag ed s t ru c tu r e  and uni f o rm 
t re e  s pa c i ng w i thin s t and s . The s e  c o n d i t i on s  a r e  .not  
u s ua l l y  f oun d i n  na tural fo re s t s . The rema i n ing l im i tati ons 
are the r e s t r i c t i on s  p l a c e d  upon the s tu d y  i t s e l f . 
Due t o  t ime and budget c on s t r a i n t s , the 
inves t i gat i on was l im i t e d  t o  a s ing l e  " b e s t  s ho t "  a t t empt a t  
c l a s s i f i c a t i on . The re wa s no o p p o r t un i ty t o  re fi ne 
p r o c e d u re s af t e r the in i t i a l  r e s u l t s  we re o b t a i n ed . 
Onl y one d ate o f  Land s at imag e r y was analyzed . 
Rath e r  than b e ing ab l e  t o  f o l l ow t he d ev e l o pmen t  o r  c hange 
of s pe c t ral s i gnatu r e s  by ob s e rv ing a s i ng l e  c ompa r tment in 
d iff e r ent y e a r s , the s p e c t ral d eve l o pment of a s pe c i e s  c ou l d  
only b e  inferr e d  by c ompa r ing c ompa r tmen t s o f  d i f f e rent age 
o r  c rown c l o su re . 
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No fi e l d  c h e c k s  w e r e  po s s i b l e . The s tu d y  was 
d e pend e n t  upon s p e c i e s , 
d a t a  p ro v i d e d b y  t h e  New 
age , t h i nn i ng , and c r own c l o s u r e 
Z e a l and Fo re s t  Se r v i c e . Di r e c t  
a c c e s s  t o  the s i t e  a n d  to N ew Z e al and Fo r e s t  Se rv i c e  r e c o rds  
would have c ont r i b u t e d  valua b l e  i nf o rma t ion on f o r e s t  
c ond i t i on s  a n d  t r e a tment s .  
E v en though a l a rge amount o f  g r ound r e f e re n c e  d a t a  
w a s  av a i l a b l e ,  the s e  d a t a  we re i n s u f f i c i e n t  f o r  c omp l e t e  
ana l y s i s . F o r  e x amp l e , -und e r s t o ry c o n d i t i on s  t h r ougho ut the 
f o re s t  we re unknown . Wh i l e  und e r s t o ry e ff e c t s  o n  f o r e s t 
s i gna t u r e s  on Lan d s a t  MSS may b e  of l i t t l e  c o n s equen c e  in 
s t and s w i t h  c omp l e t e  c rown c l o s u re , o pe n  s t a n d s  a l l ow the 
und e r s t o ry t o  c ont r i b ut e  mo re s i gn i f i c ant l y  t o  the s i gna l 
re c e i v e d  b y  t h e  s a t e l l i t e . A l s o , c r own c l o su r e inf o rma t i on 
fo r the e n t i r e fo re s t  was n o t  ava i l ab l e . C rown c l o s u r e  
e s t ima t e s  we r e  p r ov i d ed f o r  s e l e c t e d  c ompa r tmen t s . 
L i t e rature Re v i ew 
P re v i ou s  inve s t i ga t o r s  hav e t r i e d  to d e t e rmine the 
l ev e l  or d e t a i l  of info rma t i on t h a t  c an be o b tained f r om 
Land s a t  d a t a  bas ed upon the And e r s o n l and c ov e r  
c l as s i f i c a t i on s y s t em ( And e r s on e t  al . 1976). The And e r s o n  
c l as s if i c a t i o n  s c heme i s  a f o u r  l ev e l  h i e ra r chy o f  ev e r  
inc r e a s ing d e t a i l . At Lev el I ,  o n l y  b r oad l and c ov e r  
c a t e g o r i e s  a r e re c o gni ze d : e . g . , u r b an , gras s l ands , 
agri c u l tu ra l  l and s ,  f o r e s t l and s , wa t e r , and s o  f o rth . 
Le v e l  I I  c a t e g o r i e s  a r e  sub d i v i s i on s  o f  the Lev e l  I 
c a t eg o r i e s . Fo r e s t  l and s a r e  t hu s  s ub d i v id e d  i n t o  three 
c l a s s e s : de c i d uo u s  f o re s t ,  eve rg r e e n  f o re s t ,  and mixed 
fo re s t . Lev e l  I I I  i s  l o g i c a l ly mo r e  d e t a i l e d , b ut c l as s e s  
a re u s e r  d e f i n e d . The s pe c i e s  making up a n  e v e rg r e e n  f o r e s t  
i s  a n  e x amp l e  o f  Le vel I I I  d e t a i l . Le v e l  I V  i s , on c e  again , 
u s e r  d e f i n e d  and a fu rthe r ref i nement o f  Lev e l  I I I . The age 
or s ize o f  the va r i ous s p e c i e s are e x amp l e s  of Le v e l  IV . 
The u s e  o f  Land s a t  data··t o  p r ov i d e  f o r e s t d a t a  a t  v a r i ou s  
l ev e l s  o f  d e t a i l  h a s  b e en i nv e s t i g a t e d  b y  many r e s e a r c he r s , 
h en c e  the fo l l ow i ng d i s c us s i on i s  n o t  e xhaus t i v e . 
R . B .  Erb ( 1 9 7 4 ) compa r e d  the a c c u r a c y  o f  manual and 
c ompu t e r c l a s s i f i c a t i on of Land s a t  d a t a  f o r  a s tudy s i t e  in 
e a s t e rn Tex as . C l a s s i f i c a t i on a c c u ra c i e s  f o r  manual 
p r o c e du re s  r ang ed f r om 6 0 %  t o  70% ,  wh i l e  c ompu t e r  
c l as s i f i c at i o n s  ranged f rom 7 0 %  to a b o v e  90% a c c u r a c y . E rb 
c on c l ud e d  that Land s a t  d a t a  woul d b e  a m o s t  u s e ful t o o l  i n  
the c l as s i f i c a t i on of a f ew b ro a d  f o r e s t  c l a s s e s  s u c h  a s  
ha rdwood , c o n i f e r ,  regene rat i o n , and c l e a r c ut . M o r e  
d e ta i l e d  c l as s e s  r e s ul t e d  in poo re r a c c u r a c i e s . 
R . C .  A l d r i c h  e t  a l . ( 1 9 7 5 ) al s o  inve s t igat e d  the 
a c c u r a c y  o f  c ompu t e r  c l as s i f i c a t i on o f  Lands a t  d ig i tal data . 
The s t u d y  s i t e  wa s n e a r  At l an t a ,  G e o r g i a . Land c ove r 
p a t t e rn s  we r e  a c he cke r b o a r d  o f  f o r e s t , p a s t u r e , and u r ban . 
And e r s on's l and c ov e r  c l as s e s  we re u s e d  a s  a c l a s s if i c a t i on 
f ramew o r k . The a c c u r ac i e s  o f  d i f f e r e n t  l e ve l s  of 
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c l a s s if i c a t i on. w e re as s e s s ed . Ald r i c h  c on c l u d e d  that in 
th i s  s i t ua t i on o f  l and us e pat t e rn s , Lan d s a t  d a t a  w e r e  only 
us efu l  fo r b r oad ( Level I ) l and c o v e r  c l a s s i f i c a t i on . 
A . G .  Dod g e  and E . S .  Bryant ( 1 97 6 ) s t u d i e d  the 
ut i l i t y  o f  c ompu t e r  c l a s s if i c a t ion of Land s at data to 
d e l i n e a t e  fo r e s t  t y pe s  i n  New Eng l an d . F o re s t  type s 
c o r r e s pond t o  And e r s on ' s  Lev e l  I I . Re s ul t s  o f  t h i s  s t udy 
i nd i c a t e  th a t  v a r i ous mix ture s of ha r dw o o d  and s of t wood c an 
b e  d i s c r imina t e d w i th �and s a t  d a t a . I n  ad d i t i on , a c reages 
o f  ha rdwoo d and s o ftwo od d e rived f r om Land s a t  c ompa red 
f av o ra b l y  w i th U . S . Fo r e s t  Se rvi c e  s t a t i s t i c s . 
S . J .  Wal sh (1980) , and K . E .  M a y e r and L .  Fox 
(1981) we r e  ab l e  to d i f f e rent i a t e  and map c on i f e rous s pe c i e s  
( Lev e l  I I I ) in t h e  moun t a i nous Pac i f i c  N o r thwe s t  u s ing 
c ompu t e r  p r o c e s s ing of Land s a t  d ig i t a l  d a t a . 
Se v e r al as pe c t s of the s e  p r e v i ou s  i nv e s t i gat i ons ar e 
s im i l a r . F i r s t , s tudy a r e a s  w e r e  l o c a t ed in n a t u ral f o re s t  
l and . The fo re s t s  we re e s ta b l i s h e d  b y  n a t u r a l  p r o c e s s e s , 
and i n  mo s t  c as e s  we re l o c a t ed in rugg e d  t e r rain . Na tu ral 
fo re s t s  c on t a i n  l a rge v a r i a t i ons i n  s p e c i e s  c om po s i t i on and 
dens i t y  t h r o ugho u t  the i r  s pa t i al d i s t r i but i o n s . Likewi s e , 
v a r i a t i o n s  i n  s l o pe and a s p e c t  i n f lue nce the s p e c t r al 
r e f l e c t a n c e  o f  f o r e s t  f e a t u r e s . Thu s s t ud i e s in th e s e  a reas 
had t o  deal w i th the infi n i t e  va r i e t y  i nh e r e n t  in w i l d l and 
f o r e s t  re s ou r c e s . 
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A mo r e  r e l evan t  s t udy was d one by D . L . Wi l l i ams and 
G . F .  Hav e r  in 1 9 7 6 .  The s t udy a re a  wa s a f o re s t  p l an t a t i on 
l o c a t e d  i n  No r th C a r o l ina w i t h i n  the So u t h e rn P i n e  Region o f  
the A t l a n t i c  Coa s t a l  P l a i n . In th i s. s tu dy Wi l l i ams 
i nv e s t i ga t e d : 1 )  the a b i l i ty o f  Lan d s a t  t o  d e l i ne a t e  
ha rdwoo d , p i n e , re gene ra t i on , and c l e a r c u t  s t and s , 2 ) the 
r e l iab i l i t y  of a r e a  e s t imat e s , and 3 )  th e po s s ib i l i ty of 
fur the r s ub d iv i s i o n  of s t and s on the b a s i s  of age , v i go r , o r  
s t and d e n s i ty .  Several dat e s  o f  d i g i t a l  Land s a t  data 
( mu l t i t empo r a l ) w e r e  c l a s s i f i e d  us ing the s t and a r d  
supe rv i s e d  analys i s  approa c h : re c t if i c a t i on and 
r e g i s t rat i o n , s e l e c t i on of t r a in i ng s i t es , ob t aining 
s pe c t ra l  s ig na t u re s and r e l at e d  s t a t i s t i c s , and then 
c l as s i f y i ng the en t i r e s t udy a r ea us ing a min imum d i s tan c e  
c l as s i f ier . 
Re s u l t s  o f  the Wi l l i am s  s t udy s howe d that : 1) 
analys i s  o f  tempo ral data p r ov i d e d  the b e s t  s epa ra tio n 
be twe e n  ha rdwoo d  and c on i f e r  s t and s , 2 )  a r e a  e s t ima t e s  of 
c l ea r c u t s  we r e  wi thin 3%  o f  a c tual g round s u r v eys , and 3)  
th r ee l e ve l s  o f  c an o py c lo s u r e  we re s e pa r ab l e , wh i l e  n o  
re l a t i on s h i p  b e twe e n  age and s pe c t ra l  r e f l e c t an c e  c o u l d  be 
i d en t i f i e d . 
Th i s  i nv e s t i ga t i o n emp loys c ompu t e r ana lys i s  of a 
s i ng l e  Land s a t  s c en e  t o  eval uate the s en s i t i v i t y  o f  Lan d s a t  
MSS s e n s o r s  t o  v a r ia t i ons in s pe c i e s , a ge , c r own c l o sure , 
and t h i nn i ng w i th in a c oniferous f o r e s t  p l ant a t i on in New 
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Z e a l and . The p l antat i on i s  l o c a t e d  mo s t l y on l ev e l  t e r ra i n . 
Th i s  r e d u c e s  t h e  va r i ab i l i t y  o f  r e f l e c t an c e  due t o  s l o pe and 
a s pe c t . Num e r o u s  t re e  s p e c i e s  a r e g r own in homogen e ous 
e v e n-ag e d  s t and s i n  t h i s p l an t a t i on . Uni f o rm d e n s i t i e s  
wi t h i n  e a c h  s t and a r e  the r e s u l t  o f  a r t if i c ial 
e s t ab l i s hment . The s e  f a c t o r s  make th i s  s t u d y  s i t e  an 
e x c e l l e nt a rea in wh i c h t o  evalua t e  the a b i l i t y  o f  Land s a t  
image ry t o  d i s c r im i na t e  fo re s t  f e a t u r e s . 
I I . THE STUDY A REA 
The s t udy s i t e  is the Kaingaroa Sta t e  For e s t  l o ca t e d  
o n  the N o r th I s land of New Z e a l and (Fi g . 3 ) .  The Kainga roa 
Fo r e s t , s i tuat e d  on t he Kai ngaroa P l a in , i s  l o c a t e d w i t hin 
the Vol c an i c P l a t e au Reg ion of the No r t h  I s l an d  ( F i g . 4 ) .  
The p l a i n  i s  f l a t  t o  gent l y  r o l l ing , and i s  c u t  by 
d e e p  gu l l i e s . E l e vation rang e s  f r om 1 5 0 0  to 2 0 0 0  f e e t  
( 4 5 0 - 6 0 0m ) . The s o i l s , wh i c h  we r e  d e v e l o p e d f r om vol c ani c 
a s h  and r o c k , a r e l ow i n  fe r t i l i t y . 
Tempe r a t u r e s  du r i ng the w i nt e r  months ave rage i n  the 
l ow-to m i d -4 0 s  w i t h  a d iu rnal range of about 15 d e g r e e s  F .  
Ex t re me s d u r i ng wint e r  mon th s rang e f r om be l ow 2 0  d e g r e e s  F 
t o  above 5 0  d e g r e e s F .  Sev e re f ro s t s  and s t rong winds a re 
t y p i c a l  du r i ng the wint e r  ( Bo yd , 1 9 8 0 ) . 
Summ e r s  a re c o o l . Summe r t empe r a t u r e s  a v e r age i n  
the l ow 6 0 s . D i u rnal fluxua t i o n s  ave rage a b o u t  2 0  d e g r e e s  
F .  Summe r e x t r eme s range f r om app r o x ima t e l y  4 0  t o  8 0  
deg ree s .  Uns e a s o nab l e  f r o s t s  a r e not  un c ommon . C o o l  s umme r 
t empe r a t u r e s l im i t  evap o rat i on , t hu s  t h e  r e g ion may b e  
charac t e r i z e d  a s  supe rhum id ( Ga r ni e r , 1 9 58 ) . 
Th e Ka i nga roa P l a i n  r e c e i v e s  anywh e r e  f r om 4 2  t o  
in c he s  ( 103 0mm t o  1 2 7 0mm ) of p r e c i p i t a t i on e a ch 




s ou th e r n  rea che s of th e p l a i n  e a s t of Lake Taupo . 










F i g . 3 .  The Is l an d s  o f  N e w  Z e a l and 
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F i g . 4 .  Stu d y  A re a  Lo c a t i on 
New Z e a l and- A Regional View . 
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ye a r . M o s t o f  t h e  p re c i p i t a t i o n  p e r c o l a t e s  r a p i d l y  into the 
d e e p  l ay e r s  o f  v o l c an i c  ash and pum i c e . 
Ab out 1 8 0 0  y e a r s  ago the p l ai n  wa s c ov e red by 
f o r e s t s . A t  that t im e  a v i o l ent e r up t i on f r om a v o l c ano in 
Lake Taup o  s pewed out vas t quan t i t i e s  o f  pum i c e  that 
d e s t r o y e d  a l l v e g e t a t i on . The fo re s t s  had b e gun to 
reg ene rat e a f ew hund r e d  ye a r s  l a t e r .  By t h e n  abo rig inal 
man had s e t t l e d in the a r ea , and the r e g e n e rat i ng fo r e s t  was 
r e pe a t e d l y  s we p t  by man - caus ed f i r e s . The f re quent f i r es 
kept the p l a i n  p ra c t i c a l l y  t r e e l e s s .  As l a t e  a s  the 1 8 90s 
veget a t i o n  c on s i s t e d of b racken ( fe r n )  and t u s s o c k  g ras s e s  
( Boyd , 1 980 ) . 
A f t e r  Eu ro pean c o l on i z a t i on , l an d  i n  t h i s  reg i on was 
a c qui r e d f o r s e t t l ement and ag r i c u l tu ra l  us e . Ra i s ing 
l i v e s t o c k c ha ra c t e r i z ed ea rly at t empt s b y  Eu r o p e an s e t t l e r s  
t o  ut i l i z e  t h i s  a r ea . Th e s e  e f fo r t s  f a i l e d  due t o  a 
d e f i c i en c y  d i s e a s e  that s t ru c k  l i v e s t o c k . Th e d i s e a s e  wa s 
c aus ed b y  a l a ck of c obal t in the s o i l  and v e g e t a t i on . Poo r 
s o i l s  a l s o  h ampe r e d  the p ro du c t ion o f  h a y , s i l ag e , and o the r 
c r o p s  ne c e s s a ry f o r  wint e r  feed . Hen c e , b y  t h e  l a t e  1 8 0 0 s , 
t h i s  a r ea had a t t ra c t e d  few pe rman ent s e t t l e r s  ( Cumb e r l and 
and Fo x , 1 9 7 0 ) .  
E s t ab l i s hment of the Ka inga r o a  St a t e  Fo r e s t  g rew out 
of a r e a l i z at i on b y  gov e r nment o f f i c i a l s d u r i ng the l at t e r  
1 8 0 0 s  tha t w i d e s p read and a c c e l e ra t ing d e s t ru c t i on of the 
nat i v e  fo re s t s  wo uld r e s u l t i n  a future t imbe r sho r t age 
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( Boyd , 1980; P o o l e ,  1969). 
A t  t h e  t ime the d e c i s ion wa s mad e t o  e s t ab l i s h  the 
f o r e s t p l an t a t i on s , g r e a t  t ra c t s  o f  the p l at e au r e g ion we re 
und e v e l o p e d . Hund re d s  of thou sand s of h e c t a r e s  ( ha . ) were 
a c q u i red b y  the n ew l y  f o rmed New Z e a l an d  Fo r e s t  Se rv i c e  and 
p r ivat e a f f o r e s t a t ion c ompan i e s . P l an t i ng o f  e x o t i c  
( int r o duc e d ) p i ne s b e gan nea r Roto rua i n  189B. Th i s  in i t i al 
p l ant i ng c ov e red about 20 ha . (50 a c r e s ) . P l ant i ng be gan 
on the Kainga r oa P l aih a f ew y e a r s  l a t e r . By 1925 the 
Ka i ngaroa St a t e  Fo re s t  had e x panded t o  a p p ro x imat e l y  120,000 
ha . (252,000 a c r e s ) in a rea . The s e  m e as ur e s  a s s u r e d  the 
c ont inued p ro d u c t i on of fo res t p r oduc t s . 
The Kai ngaroa P l a i n  i s  an i d e a l  s e t t i ng fo r 
i n t ens i v e  f o re s t r y . Low re l i e f  s im p l i f i e s  a c c e s s  f o r  
p l an t i ng , t h i nn i ng , ha rv e s t i ng , and o th e r  t r e a tmen t s . Th e 
v o l c an i c  pum i c e , wh i l e  only mod e ra t e l y  f e r t i l e , r e t a ins 
mo i s tu r e . The a s h  and pum i c e  a r e v e ry d e e p  and g r owing 
r oo t s  e n c o unt e r  f ew o b s t ruc t i on s . W i th f ew c l imat i c  or s o i l  
l imi t a t i on s  f o r  f o re s t  vegetat i on , p lant e d  e x o t i c  conif e r s  
g row e x t r eme l y  we l l . 
P in u s  rad i a t a  i s  p l a n t e d  e x t en s i v e l y  in the 
Kainga roa St a t e  Fo re s t . Thi s  f a s t  g rowing t re e  is na t i v e  to 
t h r e e  smal l s e pa ra t e  a r e a s  al o ng the c o a s t  of Cal if o rnia , 
though i t  has  neve r b e en c omme r c i a l l y  imp o r t ant the re 
b e c aus e of i t s  l im i t ed d i s t r i but io n and p o o r  qual i t y . On a 
good s i t e  in C a l i f o rni a , P inus rad i a t a  may g row t o  b e  
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app r o x imat e l y  9 0  f e e t ( 2 3 - 3 0 m ) ta l l  af t e r  3 0  y e a r s  and 
a t t a in a d i amet e r  a t  b rea s t  h e ight ( d . b . h . ) of 9 to 1 8  
in che s ( 2 2 -4 5 cm )  ( L ind s ay , 1 9 3 7 ) .  On t h e  Ka i ng a r o a  P l ai n , 
a f t e r 3 0  y e a r s  of g r owth Pinus rad i a t a  may be 1 2 0  f t . t al l  
and have a d . b . h .  o f  2 5  in . ( 6 l cm ) ( Sm i t h , 1 9�0 ) .  
Th i s  rap i d  gr owth produ c e s  s aw t imbe r wi thin 2 5  t o  3 0  
y e a r s . On the o th e r hand , na t i v e  s p e c i e s  r e qu i r e up t o  a 
c e n t u ry o r  l onge r to p r o d u c e  c ompa rab l e  s i z e  t im b e r  ( P oo l e , 
1 9 6 9 ;  S m i t h , 1 9 8 0 ) .  The e x o t i c  c o n if e r  p l a n t a t i on s  have 
s ign if i c an t l y  r e du c ed the rat e of l ogging in New Z e a l and's 
s l owe r g r ow ing ind i geneous f o r e s t s . 
The s e  p l an t a t ions of ex o t i c  p i n e s a c c oun t f o r  8 0 %  of 
New Z ea l and's wo o d  s up p ly ( Smith , 1 9� 0 ) .  Wood p r o d u c t s  a r e  
a l s o  e x po r t e d by New Z ea l and . The v a l u e  o f  t h e s e  e x po r t s  
c on t inue s t o  g row . The value of w o o d  p ro d u c t s  wa s a b o u t  4 5  
mil l i o n  do l l a r s  ( U . S . ) i n  1 9 6 8  and 4 3 7  m i l l i on d o l l a r s  i n  
1 98 0  ( P o o l e , 1 9 6 9 ;  F . A . O .  1 9�2 ) .  
Tod a y , the re a r e  num e r o us c on i f e rous s pe c i e s  of 
various ag e s  and dens i t i e s  g r owing i n  l a r ge , p u re , 
h omogeneou s ,  ev en-ag ed s tand s . P in u s  rad i a t a  i s  the 
p r i nc ipa l s pe c i e s  p l an t e d , c omp r i s i ng ab ou t s i x ty pe rc ent of 
the a r e a . P s e ud o t s uga menz i e s i i  f o l lows o c c upy i ng 
ap p r o x imat e l y  t e n  pe r c e nt of the t o t al a r e a . O t h e r p l an t ed 
c o n i f e r s  
con t o r t a  
i n c l ud e  
( ab o u t  
Pinus 
f i v e  
spe c i e s  o f  min o r e x tent . 
pond e r o s a , 
pe r c e n t  e a c h ) 
P i n u s  
and 
n igra , 
num e r o u s  
P inus 
o th e r  
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The s u i t ab i l i t y  o f  the Kai ng a r o a  S t a t e  Fo r e s t s tudy 
s i t e  to e v a l ua t e the s en s i t i v i t y  o f  the Land s a t  M S S  s e n s o r s  
i s  b a s ed upon the fo l l owing c h a ra c t e r i s t i c s : 
1 )  A rt if i c i a l  e s ta b l i s hment of fo re s t  s t an d s  
r e s u l t s  in t he i r  uni f o rm c ompo s i t i on , age , 
and d e ns i t y . 
2 )  A v a r i e t y  o f  s pe c i e s , ag e s , and d e n s i t i e s  a re 
p r e s e n t . 
3 )  Ind i v i dua l s t an d s  a r e l a rge , gene r a l l y  one 
k i l o me t e r  squa re o r  g r ea t e r . 
4 )  The re l a t i ve ly f l at t e r r a in redu c e s  t h e  
amount of s pe c t ra l  va r i ab i l i t y  d u e  t o  d i f f e ren t i a l  
i l l um ina t i on c aus ed b y  s l ope a n d  a s pe c t . 
I I I . MATER I A LS 
Land s a t  MSS Da t a  
Th e Land s a t  MSS c o l l e c t s , meas u r e s  a n d  r e c o r d s  
r e f l e c t ed rad i a t i on i n  four r e g i o n s  o f  t h e  e l e c t romagne t i c  
s pe c t rum . Land s at b and 4 re c o rd s  f r om . 5  t o  . 6  mic rons �) 
of wav e l eng t h  ( g re en l i gh t ) , b and 5 f r om . 6  to  .1 ;U ( red 
l i gh t ) , b an d  6 f r om . 7  to  .8 � ( re f l e c t e d  i n f ra r e d ) , and 
b and 7 f r om . 8  to 1 . 1 � ( ano the r re f l e c t e d i n f r a r e d  b and ) . 
On Land s a t , r e f l e c t e d  l i ght c o l l e c t e d  b y  t h e  M SS s en s o r s i s  
c onv e rt e d  i n t o  a c on t i nuous e l e c t r i c a l  s ignal . Thi s  v a r y i ng 
e l e c t ri c a l  s i gna l i s  c onv e r t e d  into d i s c r e e t  d ig i t al c oun t s .  
Highe r d i g i t a l c ount s  c o r r e s p ond t o  h i ghe r r e f l e c tan c e . 
The s e  d ig i t al value s a r e  t ransmi t t e d t o  an e a r t h  r e c e i v ing 
s t a t i on and r e c o rded . Lat e r , th e s e  d i g i t a l  c oun t s  c an be 
c onve rt ed into a pho t og raphi c imag e . A f a l s e  c o l o r  
c ompo s i t e  ( FC C ) i s  mo s t  o f t en gen e ra t e d  b y  c o m b in i ng Land s a t  
b an d s  4 ,  5 ,  a n d  7 .  I n  a pho t og raph i c  p r o c e s s , b a n d  4 i s  
e x po s ed w i t h  b l ue l ight , band 5 is  e x po s e d wi th g reen l i ght , 
and b an d  7 i s  e x po s ed wi th red l i ght . 
Th e Land s a t  d i gi tal val ue s a r e p r e s e rv e d  in the f o rm 
of a c ompu t e r c ompa t i b l e  t ape ( C C T ) an d a re the p r ima ry 
input f o r  t hi s s t udy . Land s at d i g i t a l  d a t a  we re a c qui red 
fo r t h e  s t udy s i t e  on De c emb e r  2 2 , 1 9 7 5  ( I D  E 2 3 3 4 -2 1 1 2 3 ) .  
The Land s a t  FC C i s  shown in Figure 1 .  
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Avai l abl e G roun d  Ref e r enc e Dat a  
The New Z e a l and Fo re s t  S e rv i c e  p r o v i d e d  va r i ous data 
that i nd i c a t e  a c t ua l  g r ound c o nd i t i o n s . The d a t a  inc lude 
map s , re c o rds o f  a c r e age , and e s t imat e s  o f  c an o p y  c l o s u r e . 
S pe c i e s  Di s t r i b u t ion Maps 
Two s pe c i e s  d i s t r ibut i on maps , each a t  a s c a l e of 
1 : 1 0 0 0 0 0 , show t h e  s pa t i al d i s t r ibu t i on of the vari ous 
fo re s t  s pe c i e s  w i thin the c ompa r tmen t s  t h r o ugho u t  the 
Ka inga roa S t a t e Fo r e s t  ( Fi g s . 5 an d 6 ) . One map d ep i c t s 
s p e c i e s  d i s t r ibu t i on a s  i t  e x i s t e d  on Ma r c h  3 1 , 1 9 7 5 ; the 
o the r shows c on d i t io ns as  of Ma r c h  3 1 , 1 9H O . Ten c l a s s e s  
a r e d e p i c t e d  on map s : 
1 )  P inus radiata e s t a b l i shed be f o r e  1 9 4 1 , n o t  thinned ; 
2 )  P inus rad i a t a  1 9 4 1 - 1 9 7 4  ( 1 9 7 9 ) ,  t h i nn e d  ( on e  map 
shows Pinus rad i a t a  e s t ab l i s h e d  be t w e e n  1 9 4 1  and 
1 9 7 9 ,  th inned ) ;  
3 )  P inus rad i a t a  1 9 4 1 - 1 9 7 4  ( 1 9 7 9 ) ,  n o t  th inne d ; 
4 )  P i nus rad i a t a  p r e 1 9 4 1 , thi nne d ; 
5 )  P s e udo t s uga menz ie s i i  p r e 1 9 4 1 , th i nne d ; 
6 )  P s eudo t s uga men z i e s i i  p r e  1 9 4 1 ,  n o t  t h i nne d ; 
7) P s e u d o t s ug a  men z i e s i i 1 9 4 1  t o  1 9 7 4  ( 1 9 7 9 ) ; 
8 )  P inus pond e r o s a  ( al l  ages ) ;  
9 )  P i nus nigra ( al l  age s ) ;  
1 0 ) Othe r s pe c i e s . 
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Fig . 5 .  Spe cies Dist rib utio n  Map 
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F i g . 6 .  Deta i l  o f  Spe c i e s  Di s tr i b uti on Map 
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S t o c k Book Da t a  
The s t o c k  b ook i s  b roke n d own b y  s p e c i e s  and 
c ompa r tment and p ro v i d e s  dat a a b o u t  the y e a r  of plant i ng and 
the numbe r  of h e c t a re s  plant e d  ( F i g . 7 ) . Th e s t o ck b ook 
data c o v e r fo re s t  c ond i t i on s  f rom 1 9 7 4  to 1 981 . The s pe c i e s  
d i s t r i b ut i o n  maps a n d  s t o c k  b o o k  d a t a  e s s en t i ally p r ovide 
c omple t e  g r o un d  t ru th for s p e c i e s  d i s t r i b u t i o n  and age . 
C rown Clo su re 
The New Z ea l and Fo r e s t  S e rv i c e  p r o v i d e d  c rown 
clo su r e info rmat i o n  fo r ab out 1 5 0  of the 1 2 8 8 c ompa r tmen t s  
s hown o n  th e s pe c i e s  d i s t r ib ut ion map s . The s e  c ompa r tmen t s 
w e r e  c ho s e n  f i r s t  and then evalua t ed b y  New Z e aland Fo re s t  
S e r v i c e  p e r s o nnel . Cho i c e  o f  a c ompa r tment wa s s ub j e c t  t o  
s ev e ral c r i t e r i a . A c omple t e  d i s cu s s i on o f  the s ele c t i on 
p r o c ed u r e  is c on t a i ne d  in Cha p t e r  IV . 
Anc illa ry Da t a  
Ae r i al Pho t o g ra ph s  
1 : 1 5 0 0 0  
( N Z F S ) .  
Ele v en ae r i al pho t o g raphs a t  a nominal s c ale of 
w e r e  p r ov i d e d  b y  the New Z e a land Fo r e s t  Se rv i c e  
Th e pho t og raph s  show cond i t i on s  a s  o f  197 5 in 
app r o x imat ely 70 compa r tment s .  
AREA I 
IIH" IO 'i eps 
--1---4--------1---1 
110 IJlJ 
Fig . 7 .  St o c k  Book Da t a  
2 4  
2 5  
Compa r tmen t Maps 
E i ght maps at a s cale of 1 : 1 0 0 0 0 als o  we r e  p r ovided 
b y  the N Z FS . Each map shows d en s i t y  and c r own clo su r e 
c ond i t i o n s  f o r  one c ompa rtmen t . 
Othe r M aps 
To pog raph i c  map s at  a s c a l e  of 1 : 6 3 3 6 0 c o v e ring mo s t  
o f  t h e  s tudy a rea we re a c qu i r e d  f r om t h e  N e w  Z e a l and 
Depa r tm e n t  o f  Lan d s and Surv e y . Also , re s o u r c e  maps showing 
g e o l o g y , s o il , s lo pe , and vege t a t i o n  we r e  a c q u i r e d  f r om the 
New Z e a land Mi n i s t ry o f  Wo rks and Dev elo pmen t .  
I DIMS 
Lan d s a t d i gi t a l  data we re analyze d w i th the aid pf 
the Int e r a c t i ve Di g i t a l  Imag e Mani pula t ion Sy s t em ( ID IM S ) at  
the U . S . Geolog i c al Su rv ey ' s  ERO S Da t a  C en t e r . IDIMS i s  a 
s tand -al one p ro c e s s ing sys t em d e s i gned t o  e x t ra c t  and 
analyze i nf o rma t i on f r om all type s of d i g i t al image r y . An 
IDIM S  u s e r  s t a t i on c on s i s t s  of an i nt e ra c t i v e c ommand 
t e rmina l and vi d e o  moni t o r . The ID IM S  lib ra ry c on t a i n s  over 
e ight y  imag e  p r o c e s s ing algo ri t hms . 
T o  us e IDIM S , a n  image i s  f i r s t p u t  i n t o  s y s tem 
memo ry . S e c o nd , an image p r o c e s s ing alg o r i t hm i s  cho s en t o  
a pply t o  t h e  p r oblem , a n d  th i rd , the p r o c e s s i ng c ommand s a r e  
ke y e d  i n . The image i s  p r o c e s s ed a n d  the r e s ult s a re 
d i s p l ay e d  o n  a v i d e o  moni t o r . The r e sult s may b e  d ele t e d  o r  
s t o r e d  f o r furthe r p r o c e s s ing . 
IV . PROCEDURES 
Int rodu c t i o n  
S i n c e  t he l aun c h  of the Land s a t  s e r i e s  o f  s a t e l l i t e s  
g re a t  v o l um e s  o f  d a t a  have b e e n  c o l l e c t e d . Th e s e  d a t a  have 
s hown u t i l i t y f o r  r e g i onal re sour c e  invent o r i e s  u s i ng manua l 
o r  au t oma t e d  t e c hn i que s . Ana l y s i s  o f  Land s a t  imag e r y  by 
c onvent i on a l  pho t o - in t e r p r e t a t i on t e chni que s is  t ime 
c o n suming 
ano th e r .  
and may be incons i s t en t  f r om one i n t e r p re t e r  t o  
The d i g i t a l  na tu r e  of Land s a t  M SS da t a  l e nds 
i t s e l f  t o  c omput e r  p r o c e s s ing . The advan t a g e s  of aut oma t e d  
p r o c e s s ing a re: 
1 )  C om pu t e r s  c an qui c k l y  p r o c e s s  l a rge amo un t s  of 
d a t a . 
2 )  C om pu t e r anal y s i s  is  c ons i s t e n t . C om pu t e r s do 
no t t i r e and c l a s s i f i c a t i on d e c i s i on s  a r e  
c on s i s t en t . 
Two gene r a l  me tho d s  o f  c ompu t e r  c l a s s if i c a t ion 
re c ogni z e d :  s u p e r v i s ed and uns upe rv i s e d  c l a s s i f i c a t i on . 
a r e  
Supe r v i s e d  c l a s s i f i c at ions r e q u i r e  an ana l y s t t o  
s e l e c t  r e p r e s e n t a t i v e  s ample s o r  t ra i n ing s e t s  of t h e  
re s ou r c e  c a t e go r i e s  of int e re s t . U s ing ph o t o - i n t e r p r e t a t ion 
metho d s , .the  anal y s t i d en t i f i e s  and s e l e c t s  a s ample of the 
Land s a t  p i x e ls that r e p re s e nt e a c h  r e s o u r c e  c l a s s . The mean 
b r igh t n e s s  value and o th e r s t a t i s t i c s  o f  e a c h  s pe c t ral b an d  
fo r e a c h  t ra i n i ng s e t  a r e cal c u l at ed . The s e  s t a t i s t i c s  a r e 
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u s e d t o  " t r a in "  the c las s i f i c a t i o n  a l go r i t hm s . U s i ng the s e  
t ra i n i ng s t at i s t i c s , t he Lan d s a t d a t a  a r e c la s s if i ed . 
Du r i ng c l as s i f i c a t i on e a c h  p i x e l  i s  e v a l ua t e d and c ompa red 
t o  the t ra in i ng s e t s . Each p i x e l  is a s s i gn e d  the l ab el of 
the t ra i n ing s e t  t o  whi c h  i t  i s  mos t s im i l a r . 
Un s u p e rv i s e d  c l as s i f i c at i on s  d o  n o t  r e qu i re the 
s e l e c t i on of t r a in i ng s e t s . P i x e l s are g roup e d  into 
" s p e c t ra l  c l u s t e r s . "  P i x e l s wi t h i n  a s pe c t ra l  c l u s t e r  hav e 
s im ilar b r i gh t n e s s  val ue s . The anal y s t t hen l abels the 
r e s ul t ing c l us t e r s . 
Th e p ro c ed u r e  fo r thi s s t udy wa s t o  u s e  Land s a t  
d i g i t a l  d a t a  a s  input t o  v a r i ou s  c ompu t e r  c l a s s i f i c a t i on 
a l g o r i t hms on ID IM S . Both supe rv i s e d and un supe rvis ed 
me tho d s  we re u s e d in this inve s t igat i on . Th e c l a s s i f i c a t i on 
r e s u l t s  we re then c ompa red agai ns t known g round c ond i t i o ns . 
M e t ho d o l ogy 
Di g i t i z a t i on of Groun d  T r u t h  
Us i ng the A r ea Re s o u r c e  Ana l ys i s  Sy s t em s  ( AREAS ) 
p r o g rams d ev e l o pe d  at the Remo t e Sen s i ng I ns t i t u t e , South 
Dak o t a  Sta t e  Uni v e r s i t y , t he 1 9 7 5  s p e c i e s  d i s t r i b ut i o n  map 
was d ig i t i z e d . Com pa r tme nt b oun da r i e s , s pe c i e s , and two age 
and d e ns i t y  c l a s s e s  f o r  P inus r a d i a t a and P s e udo t suga 
men z i e s i i  we re t h e  f e a t u r e s  di g i t i z e d . The t w o  den s i t y 
c l a s s e s  we r e  thinne d and unthinned . Wh e n  po s s ib l e , a reas 
d e s ignat e d  " o the r s p e c i e s " were d ig i t i z e d w i t h  the c o r re c t  
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s pe c i e s  l a b e l  d e t e rmined f rom the s t o c k  b o o k . Th i s  r e s u l t e d  
in a t o ta l  of t h r e e  non-fo r e s t c a t eg o r i e s  a n d  1 9  f o r e s t  
c a t e go ri e s  ( A ppen d i x  1 ) .  
Dig i t i z ing was done in two 
Ini t i a l l y , c ompa r tment b o und a r i e s  
s e p a r a t e  ope r a t i ons . 
we r e  d ig i t i z e d . The 
s p e c i e s , a g e , and d ens i t y  c l as s e s  we r e  d ig i t i z e d in a s e c ond 
ope r a t i o n . The s e  two refe renc e d a t a  s e t s  we r e  t h en put into 
a 5 0  met e r  grid s t ru c t u r e  in whi ch e a c h  g ri d  c e l l  r e p re s en t s  
a 5 0  by 5 0  m e t e r  pa t c h o f  g round . 
P r e p r o c e s s ing the Land s a t  Dig i t a l  Da t a  
The Land s a t  sub s c ene c on t a i ning t he s t ud y a r ea wa s 
e n t e red int o IDIMS b y  us ing the p r o c e s s ing func t i on PLENTER . 
The s ub s c ene wa s d i s p l ayed o n  the IDIM S c o l o r  moni t o r  arid 
ins pe c t e d  t o  a s s e s s  i t s  qual i t y . The IDIMS f un c t i on FIXL I NE 
wa s a p p l i e d  to c o r r e c t  s e ve ral bad da t a  po i n t s  and l in e s . 
F I XL I NE re p l a c e d a bad po int o r  l i n e  w i th one that was 
c r e a t e d  by c ompu t i ng the ave rage d i g i t a l  val ue o f  the po i nt s  
o r  l in e s  a b o ve and b e l ow the bad one . 
Th e f a l s e  c o l o r c ompo s i t e  e x h i b i t s  rad i ome t r i c  
s t r i p i ng . The s t r i p ing i s  apparent on t h e  FC C though i t  i s  
d i f f i c u l t t o  d i s t ingui s h  o n  t h e  vi d e o  d i s p l ay . Some 
c o n s i d e r a t i or was g iven t o  de s t r i p ing the imag e ; 
the d e s t r i p i ng algo ri thms woul d mod ify t h e  d a t a . 
raw d a t a  we r e  u s e d  fo r fur the r p r o c e s s ing . 
howeve r ,  
Thu s , t he 
Reg i s t rat i o n  o f  Land s a t  Da t a  and 
Ref e r en c e  Da t a  
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The Lan d s at d at a  we r e  r e g i s t e red t o  the d i g i t i z ed 
s pe c i e s  d i s t r i b u t i o n  map us ing a ne a r e s t  n e i ghb o r  r e s ampl i ng 
t e c hn i q u e  t o  p r e s e rv e  the o r ig i nal d i g i t a l  b r ightne s s  
value s . A b o ut 75 g ro und c on t r o l  po i nt s  w e r e  s e l e c t e d  f r om 
the Land s a t  d a t a  u s ing t he ID IM S d i s p l ay . The s e  p o i n t s  
c on s i s t ed of r o ad i nt e r s e c t i on s  a n d  c ompa r tm e n t  b o un d a ry 
i n t e r s e c t i o n s . The c o r r e s p ond i ng po i n t s  we r e  t h e n  l o c a t e d  
in t h e  d ig i t i z e d  refe r en c e  d a t a . 
The s e  po int s we r e  us ed t o  d e v e l o p  a s e c o nd o r d e r  
t ran s f o rma t i o n equat i on . The t r an s f o rma t i on e q ua t i o n  wa s 
u s e d  i n  the IDIMS p r o c e s s i ng fun c t i on RE G I STER , b y  wh i c h  the 
Lan d s a t  data we r e  r e s amp l e d  and re g i s t e re d  to t h e  d i g i t i z e d 
refe ren c e  d at a . P i x e l  s i z e  af t e r  r e s amp l ing wa s 5 0  met e r s  
s q ua r e . Th e c ompu t e d  ave rage reg i s t ra t i o n e r ro r was 
a p p r o x imat e l y one p i x e l . 
Su pe rv i s e d C l a s s i f i c a t i on 
Int r o du c t i o n  
T h e  s up e rv i s e d  c l as s i f i c at i o n  a l go r i thms u s ed in 
th i s  inve s t i ga t i on we re IDIMS func t i on s  known as C LA SFY and 
M INDST . B o t h  r e q u i r e d  t ra i n i ng s e t  da t a  t o  wh i c h  
un c l a s s i f i e d  p i x e l s we re c ompa red . The d i f f e re n c e  i n  the 
a l g o r i thm s  l i e s  in the way i n  wh i c h a p i x e l is a s s igned to a 
c l a s s . 
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C LA SFY i s  a max imum l ike l ih o o d  c la s s i f i e r . In 
C LA SFY , t h e  a s s i gnment of a p i x e l  t o  a c l a s s  i s  d e t e rmin e d  
b y  f i r s t  eval ua t ing t h e  p r ob ab i l i t y  o f  t h e  p i x e l  b e l ong ing 
t o  e a c h  c l a s s . 
mo s t  l ik e l y  c l a s s . 
mean s  c l a s s i f i e r . 
The p i x e l i s  a s s igned t o  t h e  s t a t i s t i c a l l y  
M INDST i s  a min imum d i s t anc e f r om the 
The d i s t an c e  of the unc l a s s i f i e d  p i x e l  
f rom e a c h  s pe c t r a l  me an of t h e  t ra i ning s e t s  i s  c a l c u l a t e d . 
The p i x e l  i s  a s s igned the l ab e l  o f  the c l a s s mean t o  whi ch 
it is c l o s e s t . 
The fol l ow i ng s t e p s  we re emp l o y e d  f o r the supe rv i s e d 
c l as s i f i c a t i on p r o c e d u r e : 
1 )  Se l e c t  c ompa r tment s fo r c r own c l o s u r e evalua t i on . 
2 )  Dev e l o p  ini t i a l  c l as s i f i c a t ion f r amewo rk b y  
d e t e rm i n i ng t h e  r e s ou r c e  c l a s s e s  o f  in t e r e s t .  
3 )  Se l e c t  t r ain ing s i t e s . 
4 )  D e v e l o p  t r ai ni ng s t at i s t i c s . 
5 )  Ev a l ua t e  s pe c t ral s e pa rab i l i t y  o f  a l l  c l as s 
p a i r s . Th i s  s t e p a l lowed th e anal y s t  t o  d e t e rmine 
wh i c h r e s o u r c e  c l a s s e s  we r e  l ik e l y  to be c o nfus e d  
b e c aus e of s pe c t ral s im i l a r i t i e s . Thi s  s t e p  was 
impo r t ant t o  the o v e r a l l  ob j e c t i v e  of the s tudy . 
6 )  E l i m ina t e  re dundant r e s o u r c e  c l a s s e s . The s e  
we re c l a s s e s  that we re s pe c t r a l l y  c onf u s e d and 
r e p re s ent s im i l a r  r e s o u r c e  c l a s s e s . 
7 )  C la s s ify the ent i r e s t udy a r e a . 
e) Ana l yze the r e s u l t s . 
Se l e c t i on of Comp a r tment s fo r 
Cr own C l o su re Es t imat e 
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Sen s o r  s en s i t i v i ty t o  c rown c l o s u r e wa s e v aluated by 
l o ok i ng a t  c r own c l o su r e wi thin the two ma j o r  s p e c i e s , Pinus 
rad i a t a  a n d  Ps e u d o t s uga menz ie s i i . The s e  s pe c i e s  p r o v i d e d  a 
suff i c i e nt d i v e r s i t y  of d a t a  f o r ana l y s i s . The New Z e a l and 
Fo r e s t  Se r v i c e  p r o v i d ed 1 97 5 c rown c l o s u r e  e s t imat e s  f o r  
s e l e c t e d  c ompa r tment s .  The s e  c ompa r tm en t s  we r e  s e l e c t e d  on 
th e bas i s  of s e t  c r i t e r i a; Fi r s t , the c ompa r tment c o n t a i ne d  
e i t h e r  P inus rad i a t a  or Ps e ud o t s uga menz i e s i i  a s  the s o l e  o r  
ma j o r i t y s pe c i e s . Se c ond , t h e  c ompa r tmen t wa s l a rg e  and 
thus e a s y  to l o c a t e  wi t h i n  the Land s a t  s c ene . Th i rd , 
s ev e ral c ompa r tmen t s we re s e l e c t e d f r om e a c h  s pe c i e s /age 
c l a s s s u ch as  tho s e  r e p re s en t ing Pi nus r ad i a t a / 5 0  y e a r s  o l d , 
and P s e udo t s u g a  menz i e s i i / 5 0  ye a r s  o l d . Th i s  p r o v i d e d  at 
l e a s t one c ompa r tment f r om wh i c h t o  g e ne r a t e  s t a t i s t i c s  to 
t r a i n  the c l as s i f i e r  and one or two c ompa r t men t s i n  wh i c h to 
eval ua t e  c l a s s i f i c at i on r e s u l ts . 
About 1 4 5  s u i tab l e  compa r tments we r e  s e l e c t e d  u s ing 
the s t o c k b o ok d a t a  and the s pe c i e s  d i s t r i but i on map s . 
C rown c l o su re e s t i ma t e s  we re p r o v i d e d  f o r 1 3 1  of the 
s e l e c t e d  c ompa r tmen t s . However , c r own c l o s u r e s  b e l ow 5 0 % 
we re p o o r l y  rep r e s e n t e d . Two r e a s on s  a c c o un t e d  fo r t h i s : 
re p r e s e nt a t i on of c r own c l o s ure c l as s e s  w a s  b a s e d upon 
chan c e , b e c a u s e the i nve s t iga t o r was s e l e c t i ng c ompar tmen t s  
f o r  crown c l o s u r e evalua t i on ; an d in a p l an t a t i on the re a re 
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n o t  many c ompa r tment s ,  e x c e p t  f o r  the y o un g e s t ,  w i th l ow 
c r own c l o s u r e . 
Si x t y c ompa r tmen t s  of 1 3 1  w e r e  cho s en t o  g ene r a t e  
t ra in ing s t a t i s t i c s  fo r the P i n u s  rad i a t a and Ps e ud o t ·s uga 
menz i e s i i  c l a s s e s . Th e remaind e r  we re u s e d  a s  t e s t  
c ompa r tment s t o  evalua t e  re s u l t s . 
Devel o pment o f  a C la s s i f i c a t i on Framewo r k  
Sup e r v i s e d  c l a s s if i c a t i on s  requ i r e d  t h e  ana l y s t  t o  
s e l e c t  t ra i n ing s e t s  that re p r e s en t  t h e  inf o rma t i on c l a s s e s  
b e ing s ought . The d e s i r ed c l as s e s  c on s t i tu t e d  the 
c l a s s i f i c a t i on f ramewo rk . 
The c l a s s i f i c a t i on f ramewo rk f o r th i s  inv e s t igat ion 
wa s d ev e l o pe d  t o  al l ow the evalua t ion o f  the s en s i t i v i t y  of 
Land s a t  MSS s e ns o r s  t o  v a r i a t i on s  in s pe c i e s , age , c r own 
c l o s u r e and th inn ing ( thinned v s . un th i nn e d ) w i t h i n the 
Kaingaroa St a t e  Fo r e s t . Th i s  o b j e c t i ve ne c e s s i t aed a 
sub s t ant i a l  numbe r of c a teg o r i e s  i n  t h e  c l a s s i f i c a t ion 
f r amewo rk . The c l as s if i c a t ion f r amewo r k  wa s c h o s en to b e  
r e p r e s e nt a t i v e  of t h e  type s o f  veg e t a t i on t h a t  e x i s t in and 
a r oun d the Ka i ng a r oa Sta t e  Fo r e s t .  Ini t i al c a t e g o r i e s  we re 
d e v e l o p e d  f r om c omb in at ions of the f o l l ow i ng p a r am e t e r s: 
A .  Speci e s  
1 . Pinus rad i a t a  
2 .  Ps eudo t s uga menz i e s i i  
3 .  Pinus pond e ro s a  
4 .  P inus n igra 
5. P inus c on t o r t a  
6 .  Oth e r  s pe c i e s . Re l a t i v e l y  s ma l l a re a s  w i t h  
l i t t l e  range i n  age , cho s e n  t o  fu r t h e r 
eva l ua t e  s pe c i e s  d i s c r im i na t i o n . 
a .  P inus s t r obus 
b .  P inus mu r i c a t a  
c .  Pinus l ambe r t i ana 
d .  Pinus patul a 
e .  Chamae c�Ea r i s  l aw s o n i ana 
f .  Lar i x  � 
g .  Eu c a l ypt u s  � 
B .  Age . Age c la s s e s  we re cho s e n fo r tho s e  s pe c i e s  
that have a w i d e rang e o r  age ( 1 - 5  ab o v e ) .  
1 . Pinus rad i a t a  and P s e udo t s uga me n z i e s i i  we re 
ty p i c a l l y  b r oken down i n t o  the f o l l o w i ng age 
c l as s e s : 0 ( j us t p l an t e d ) ,  1 y e a r , 2 , 3 ,  5 , 
7 , 1 0 , 1 5  , 2 0 , 2 5 , 3 0 , 4 0 , 4 5 , 5 0  , and o v e r 
5 0  y e a r s  o l d . 
2 .  The age b re akd own for Pinus p o nd e ro s a , P inus 
nigra and Pinus c on t o r t a  was rough l y  as 
f o l l ows : 5 y e a r s , 1 5 , 3 0 , 3 5 , 4 0 , 4 5 ,  5 0 , 
and 6 0  y e a r s  o l d . 
C .  C rown c l o s u re . Inf orma t i o n on crown c l o s u r e  was 
ava i a b l e  for Pinus rad i a t a  and P s e u do t s uga 
menz i e s i i  only . C rown cl o s ure was e s t i mat ed to 
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t h e  n e a re s t  f iv e  pe rc ent by New Z e a l and Fo r e s t  
Se r v i c e  pe r s onne l . 
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D .  Den s i t y . Ve r y  r ough d en s i t y  c l a s s e s  ( th i nned vs . 
u nt h i nned ) were a l s o  inc l u d e d  f o r  P in u s  rad i a t a  
and P s eudo t s uga menzi e si i . 
A s  many c omb in a t i on s  as  p o s s ib l e  o f  the v a r i ou s  pa ram et e r s 
w e re d ev e l o pe d  into the c l as s i f i c a t i on f ramewo r k . Exampl e s  
a r e : 
Pinus rad i at a , 5 0  y e a r s  o l d , 90 % c r own c l o su r e , no t th inned ; 
P in u s  r ad i at a ,  25 y e a r s , 90 % c r own c l o s u re , n o t t h inned ; 
P inus ra d i a t a , 5 0  y e a r s , 7 0 %  c r own c l o s u re , t h i nne d ; 
P inus rad i a t a , 5 0  y e a r s , 50 % c r own c l o s u re , t h i nne d ; 
P s e ud o t s ug a  menzi e s i i , 55 y e a r s , 90 % c r own c l o s u r e , t h i nned ; 
P s e ud o t s ug a  menzi e s i i , 5 5  y e a r s , 9 0 % c rown c l o su r e , no t 
th inne d , and s o  fo rth . 
The i n i t i a l  c l as s if i c a t i on f r am ewo r k  c on s i s t e d of 
s e v en non-fo r e s t  c l a s s e s  and 7 1  fo r e s t  c l a s s e s . A p pend i x  2 
con t ai n s  a c om p l e t e  l i s t ing of the i n i t i a l  c l a s s if i c a t i o n  
f r amewo rk . 
Training Se t Se l e c t i on 
The reg i s t e re d  Lan d s a t  imag e wa s d i s p l ay e d  on t h e  
IDIM S v i d e o  moni t o r  f o r  s e l e c t i o n  o f  t ra i n i ng s i t e s . The 
IDIM S f un c t i on TSSELE CT a l l ows the ana l y s t t o  ou t l ine 
t r ain ing a re a s  wi th a t rackb a l l  c u r s o r . The t rai ning a r e a  
wa s l ab e l ed a n d  s av e d  fo r furthe r p r o c e s s ing . 
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T ra i ni ng s e t s r e p r e s ent ing a l l  o f  the c l a s s e s  l i s t e d  
in Ap p e n d i x  2 we re s e l e c t e d  a n d  ou t l i n e d  on the IDIM S 
d i s p l ay ( F ig . 8 ) .  Training s e t  s ele c t i on w a s  s ubjec t t o  
s p e c i f i c  c r i t e ra . The c ompa r tment c ho s e n  f o r a t raining 
s i t e was  l ar g e  and c ont a ined a s in g l e  o r  d om ina t e  s p e c i e s . 
The ag e of the c ompa r tment was as  c l o s e  t o  the t a rg e t  age as 
po s s ib l e . The age o f  a t r ain ing c ompa r tment was w i thin f i v e  
ye a r s  f o r  t h e  o l d e s t  age c l a s s e s , w i thin two y e a r s  fo r the 
m i d d l e  age c l as s e s  ( 1 0 to 3 0  y e a r s ) ,  w i t h i n  one y e a r fo r age 
c l as s e s  5 and 7 y e a r s , and e x a c t l y  the s am e  y e a r  fo r age 
cla s s e s  thre e , two , and one . Te s t  c ompa r t m en t s  we re a l s o  
i d en t i f i e d fo r e a ch r e s our ce c a t e g o r y . 
C ompa r tmen t s  we r e  cho s e n u s ing the s t o c k  b ook d a t a , 
c r own c l o su r e  e s t imat e s , and the s pe c i e s  d i s t r i b u t i on map . 
A to ta l  o f  2 5 3  t r ain ing and t e s t  c ompa r tme n t s w e r e  s ele c t e d . 
Thi s i n c l u d e d  1 3 1  c ompa r tmen t s  o f  P i n us r ad i a t a  and 
P s e u do t s uga men z i e s i i . The r e s t c omp r i s e d the o the r s pe c i e s  
t o  b e  e v a l ua t e d . 
Dev el op T r a i n ing St a t i s t i c s  
The p r o c e s s ing fun c t i on TSSELECT w a s  used t o  
gene r at e the s t a t i s t i c s  f o r  e a c h  c l as s . F if t y -f i ve o f  the 
ini t i al t ra ining s e t s  we re s t a t i s t i c a l l y  ana l y z e d  us ing 
TSSELEC T c ommand STA TS . Thi s c ommand c ompu t e s  the ave rage 
b r i gh t n e s s value , s t and a rd devia t i on , c o r r e l a t i o n  ma t r i x  and 
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cova r i an c e  ma tri x of the p i x e l s  w i t h i n  a t ra i ni ng s e t . 
Ano t h er TSSE LE C T  c ommand , CLUSTER , was  emp l o ye d . 
C LUSTER r un s  the I SO C LS c l us t e r i ng a l g o r i thm on a s pe c if i e d  
t r a i n i ng s e t  a n d  g roups t h e  p i x e l s  w i th i n  t h e  t r a in ing set 
into s pe c t r al c lu s t e r s . P i xe l s  are g roup e d  b a s e d  upon 
s pe c t r al s im i l a r i t y . A l i ne - p r i nt e r  map of the t ra i ning s e t 
i s  a l s o  g e nera t e d . Each p i x e l  w i th i n  t h e  t ra i n ing s e t is  
s hown , w i th a un ique cha r a c t e r or  s ymb o l  r e p r e s en t i ng each 
s p e c t r al c l u s t e r . F rom the l ine - p r i n t e r  map , s pe c i f i c  
c l u s t e r s  c an b e  i d ent i f i e d wi thin t h e  t ra i n ing s e t . C LUSTER 
al s o  c a l u c l a t e s the d i s t an c e  b e twe en s pe c t r al c l us t e r s . 
Bas e d  upon the c a l cula t e d  d i s t an c e , c l u s t e r s that a r e  
s pe c tra l l y s im i l a r  a r e  s pe c if i ed fo r c om b in ing . 
Tw ent y -f i v e  o f  the ini t ial tra in ing s e t s  we re 
c lus t e r e d . The s e  t raini ng s e t s  e x h i b i t e d  s pe c t ral 
va r i ab i l i t y due to road s and log l an d in g s  w i thin the 
c ompa r tm en t s . C l us t e r i ng a l l owed the un r e p r e s entat ive 
p i x e l s t o  b e  d e l e t e d f rom the t ra i n i ng s e t . 
C l us t e r i ng 2 5  t ra i ning s e t s  re s u l t e d  in 1 2 4  s pe c t ra l  
c lu s t e r s . C o un t ing the 5 5  c l a s se s  ana l y z e d  b y  STATS , a 
t o t a l  o f  1 7 9  s pe c t ra l  c l as s e s  were g e n e r a t e d  f r om the 
t ra i ning s e t s . 
Eval ua t i o n  of C l a s s Sepa r ab i l i t y  
The !DIM S fun c t i on DI VERGE c a l c u l at e s  the 
t ran s f o rm e d  d ive rgen c e  fo r e a c h c l ass p a i r u s ing t h e  
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s t a t i s t i c s  f i l e s  gene ra t ed by I SOC LS o r  STAT S . T ran s f o rmed 
d i v e rg en c e  is a s t at i s t i c al meas u r e  of c l a s s s e pa rab i l i t y  
b a s e d  upon t h e  s pe c t ral s im i l a r i t y  o f  a l l  c l a s s pa i r s . A 
d i v e rg e n c e  mat r i x  a l l ows evalua t ion o f  t h e  s e p a rab i l i t y  o f  
al l c l a s s p a i r s  ( Tab l e  1 ) .  Tran s f o rm e d  d i v e rg en c e  value s 
r ange f r om 0 t o  2 0 0 0 , l o w e r  d i v e rg en c e  v a l ue s ( l e s s than 
1 7 0 0 ) ind i c a t e  s p e c t ral c l as s e s that a r e  s p e c t ra l l y s im i l a r  
and thus l ik e l y  t o  b e  c o nfu s e d and caus e m i s c l a s s i f i c a t i on . 
The DI VERGE p ro c e s s ing func t i on c ann o t  hand l e  more 
than 160  s pe c t ral c l as s e s  a t  one t ime . An i n i t i a l  e d i t i ng 
was pe rfo rmed t o  reduce the t o t a l  numb e r  o f  s pe c t ral 
t r a i n ing c l as s e s . The 1 2 4 s pe c t ra l  c l u s t e r s g ene r a t e d  b y  
CLU STER we re e d i t ed by d e l e t ing tho s e  s pe c t ra l  c l us t e r s that 
c o n t a i n e d  a sma l l  ( 1 0 to  3 0 ) numb e r o f  p i x e l s . The 
rat i onal e f o r  the s e  d e l e t i ons was that the s e  smal l c l us t e r s  
d i d  n o t  r e p r e s ent r e s o u r c e  c l as s e s  o f  i n t e r e s t . 
Th r o ugh d e l e t i on s  and c omb inat i on s , t he i n i t ial 1 7 9 
s p e c t ral c l a s s e s  we re reduc e d  t o  1 6 0 . Th e t ran s f o rmed 
d iv e r g en c e  val ue s for pai r-w i s e  c omb ina t i on s  o f  th e s e  1 6 0 
cl as s e s  we r e  u s e d  t o  evalua t e  c l as s s e p a rab i l i t y  and fur t h e r 
r e d u c e  the numbe r of s p e c t ral t ra in ing c l u s t e r s . 
El iminat i o n  of Unne c e s s a ry and 
Re d undant S t a t i s t i c s  
U s i ng the d ive r g e n c e  mat r i c i e s , s pe c t ra l d a t a  
i n c l ud ing me ans , s tand ard deviat i o n s , a n d  d i s t an c e  b e tween 
c l u s t e r s , and l i ne-p r i nt e r  maps , t h e  rema i n i n g  s pe c t r al 
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TA BLE 1 
AN EXAM PLE OF A TRANSFORM ED DIVER GENCE M ATR IX 
----- -------------------------------------------------- -----
C l as s M Z 0 1 0 9 P LMB PPAT LRC H  . PCTA 4 5  PR 1 5 9 0T 
M Z 0 1 0 9  0 2 0 0 0  2 0 0 0  2 0 0 0  2 0 0 0  2 0 0 0  
PLMB 0 1 2 6 8 1 9 4 7  2 0 0 0  1 68 3  
P PAT 0 1 6 1 4  1 9 9 3  6 8 9  
LR CH 0 1 9 9 8  1 90 3  
PCTA 4 5  0 1 9 6 8  
PR 1 5 9 0T 0 
The c la s s  p a i r PR 1 5 9 0T I PPAT has the l owe s t t ran s f o rmed 
d i ve rg e n c e : 6 8 9 .  The s e  two c l as s e s  a r e s pe c t r a l l y s im i l a r� 
------------------------------------------------------------
c l u s t e r s  g en e r a t e d  by C LU STER we re e d i t e d  fu rthe r by 
d e l e t ing and c ombining . Again sma l l  c lu s t e r s  we re d e l e t e d . 
Typ i c al l y , t he l a rg e s t  one t o  t h r e e  s pe c t ral c l us t e r s 
rep r e s e nt ing a s i ng l e  r e s o u r c e  c la s s we r e  r e t a i ned . 
Spe c t r a l  c l us t e r s  we re cha ined wh en t h e  d i � t an c e  be tween 
c lu s t e r s  wa s l e s s  than 3 . 9 d i g i t a l  c o un t s  or  the d ive rgen c e  
value was l ess than 1 1 0 0  an d t h e  c l u s t e r s r e p re s ented the 
s ame r e s ou r c e  c l a s s . Thi s  p r o c e d u re r e d u c e d  the t o tal 
numb e r  of s pe c t ra l  c l us t e r s t o  8 4 . 
40 
The data set was al s o  eval u a t e d  t o  a s s es s the 
r e l a t i v e  c l a s s i f i c a t ion a c c u r a c y  o f  s ev e r a l  c l a s s i f i c at i on 
algo ri thm s . Anothe r c l as s i f i c at i on a l g o r i t hm ,  KKLA S ,  i s  
l im i t e d  t o  7 0  t r ain ing c las s e s fo r i n p u t . Th e numbe r of 
c l a s s e s  had to be r edu c e d  f u r th e r . U s i ng t h e  d i v e rg en c e  
ma t r i c i e s  t h e  numbe r of t ra in ing c l a s s e s  w a s  r e du c ed to 10 . 
F o r th i s  f ina l e d i t i ng , s pe c t r a l  c l a s s e s that 
r e p r e s ent e d  s im i l a r  re s ou r c e  c l as s e s  and had l ow d iv e rg en c e  
value s we r e  d e l e t ed . Fo r e x ample , t h e  c l a s s  Pinus r ad i at a , 
2 5  y e a r s , 9 0 % c r own c l o su re , th inned was d e l e t e d  b e c au s e  o f  
i t s  s pe c t ra l  s imil a r i t y ( d i v e r g enc e = 9 3 7 ) to  P in u s  rad i at a , 
2 5  y e a r s , 90 % c r own c l o s u re , and not th i nn e d . 
The f inal 7 0  t ra i ni ng c l a s s e s  r e p r e s e n t e d  the f inal 
clas s i f i c a t i on f ramewo rk of 56 re s o u r c e  c l a s s e s  ( A pp end i x  
2 ) .  Ten r e s o u r c e  c l as s e s  we r e  r e p r e s en t e d b y  t w o  o r  mo re 
s pe c t ra l  c l u s t e r s . F o r  e x ample , t h r e e  s pe c t ral clas s e s  
r e p r e s ent e d  t h r e e  yea r o l d  P s e udo t s uga men z i e s i i . 
S t udy A re a  C l a s s i f i c a t i on 
U s i ng the t ra i n i ng s t a t i s t i c s  o f  the f i nal 7 0  
c l a s s e s , t he e nt i r e s tudy a r ea wa s c l a s s i f i e d u s i ng the 
M IND ST and C LA SFY al g o r i thms . KKLA S c o u l d  n o t  be u s ed to 
c l as s i fy the s t udy a r ea be c au s e  i t s  imp l e me n t a t i on ont o 
IDIM S w a s  n o t  c omp l e t e l y  de -bugg ed . If  t h i s  wa s known 
b e fo re , t h e  e ffo rt to reduce the numb e r  of s pe c t ral c las s e s  
t o  70 woul d n o t  have b e e n  ne c e s s a ry . 
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C l a s s i f i c a t i on wi t h  C LA SFY r e q u i r e d  t h e  s tu d y  a r ea 
to b e  s egmen t e d into s i x  s e c t i on s  and e a c h  s e gm e n t  p r o c e s s e d  
ind i vi d ua l ly . The r e s ul t s  we re mo s a i c k e d  b a ck t o g e th e r .  
Th i s  wa s d on e  b e c au s e o f  the l ong p ro c e s s i n g  t im e  requi red 
by C LA SF Y  t o  c ompu t e  7 0  p r o ba b i l i t i e s  for each p i x e l . The 
s t udy a re a  c o n t a ined 2 , 4 5 1 , 5 8 5  p i x e l s  o f  wh i c h  6 1 3 , 3 36 
p i x e l s  we re w i t h i n  t he Kaingar oa S t a t e  Fo r e s t .  M I N DST d i d  
n o t  r e q u i re t h e  s tu d y  a r ea t o  b e  s egmen t e d , a n d  t h e  ent i r e 
s tu d y  a r e a  was  c l as s i f i e d in one s t e p . Re s u l t s  o f  the s e  
c l a s s i f i c a t i on s  we r e  t h e n  ready f o r  anal y s i s . 
Uns u pe rv i s ed C l a s s i f i c a t i o n  
Int r o du c t i o n  
The un s u p e rv i s e d  c l a s s i f i c a t ion a l g o r i thm us ed fbr 
th i s  s tu d y  is known a s  AM OEBA . AMOEBA w a s  d e v e l o ped to 
c l u s t e r  a g r i c ul tu ra l  data b a s e d  upon the knowl e d ge that 
ag r i c ul tu r a l  c ro ps s u c h  as c o rn ,  s o yb e an s , and wh e a t  a r e 
g rown i n  l a rg e  h omogen e ous f i e l d s . Thu s , i n  Lan d s a t  d a t a  
ag ri c u l tu r a l  c l a s s e s  a re chara c t e r i z ed b y  s p e c t ra l  l ikene s s  
and b y  s pa t i a l  c onne c t edne s s . AMOEB A  i s  a s pa t i a l - s pe c t ra l  
c lu s t e r i ng a l g o r i t hm .  Pi xe l s  a re g ro up e d  b a s e d  upon 
s pe c t r a l  s im i l a r i t y  and s pa t i a l  c onn e c t e d ne s s . Thi s  
a l go r i t hm was a p p r o p r i a t e  i n  th i s  c a s e  b e caus e o f  the 
s im i la r i t i e s  b e t w e e n  fo re s t  p l ant a t i on s  and ag r i c ul tu ra l  
f i e l d s . 
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P ro c e d u r e s  
AMOEB A , a s  imp lemen t e d o n  IDIM S , r e qu i re s  o n l y  t h e  
s pe c i f i c at i on o f  t h e  min imum and ma x imum numb e r of s pe c t ra l  
c l a s s e s  t o  e x pe c t . Th i s  d o e s  not  l im i t  the numbe r of 
s p a t ial c l u s t e r s that may b e  found . Bas e d  upon t h e  numb e r  
of r e s o u r c e  c l a s s e s  b e ing s ought th ro ugh s up e rv i s ed 
c las s i f i c a t i on , t he value s of 5 0  an d 1 0 0  w e r e  c ho s en a s  t h e  
l im i t ing p a r am e t e r s . Som ewh e r e be t w e e n  5 0  a n d  1 0 0 s pe c t ra l  
c l a s s e s  w o u l d  b e  id ent i f i ed . 
Ana l y s i s  P ro c ed u re s 
Int r o du c t i on 
A n a l y s i s  pro c e d u r e s  enta i l e d s e v e r a l  s e pa ra t e  s t e p s . 
P r e l imina r y  evalua t i on of c l as s s e p a rab i l i t y  b a s ed upon 
t rai ning s ta t i s t i c s  was c a r r i e d  out p r i o r to s tu d y  a r ea 
c l a s s i f i c a t i on . Aft e r  c l a s s i f i c a t i on , the r e s ul t s  we r e  
evalua t e d  u s ing s pa t i a l  ana l y s i s  p ro c e s s ing func t i on s  o n  
IDIM S . The s e  a l lowed c ompa r i s o n o f  t h e  r e f e r e n c e  d a t a  
( d i g i t i z e d s pe c i e s  map ) t o  c l as s i f i c a t i on ou t pu t s . The s e  
evalua t i on s  i nv o l v e d  the a s s e s smen t o f  c l as s i f i c a t i on 
a c cu ra c y . Th e c l as s i f i c a t i on r e s ul t f o r  e a c h  p i x e l  was 
c ompa r e d  to the known r e s o u r c e  c a t e g o ry o f  the p i x e l . 
A s s essment of c l a s s i f i c a t i on a c c u r a c y  i nvo lve s mo re 
t han a s t a t ement of the pe r c e n t a g e  o f  p i x e l s c o r re c t l y  
c l as s i f i e d . O f  m o r e  int e re s t ,  pe rh aps , i s  an a s s e s sm ent o f  
.wh at ha s b e en c l as s if i ed in c o r re c t l y . M i s c l a s s i f i c at i on 
po i n t s  t o  a r eas 
c l as s i f i c a t i on s  
s e l e c t i on of 
o f  s p e c t ral 
it may a l s o  
t ra i n i ng 
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c onfu s i on. For supe rvi s e d 
po int t o  d e f i c i e n c i e s  in the 
s e t s .  I n  un s u p e rv i s e d 
c l as s i f i c a t i on s , mi s c l a s s i f i c a t i on 
l a b e l ing s p e c t ra l  c l us t e r s . 
may i n�i c a t e  e r ro r s  in 
Th e r e a r e two type s o f  c l a s s i f i c a t i on e r ro r : 
om i s s i on and c ommi s s i on . M i s c l as s if i c a t i o n s  that r e s u l t  i n  
a l o s s  f r om the t rue c l a s s  t o t a l  a r e om i s s i on e r ro r s , 
wh e re a s  tho s e  that r e s u l t in an add i t i on t o  th e t rue c l a s s  
t o ta l  a r e  e r ro r s o f  c omm i s s i on. Fo r e x am p l e ,  s u p p o s e  that 
g round t ru t h  s hows that an a r e a  c on t a i n s  2 0 0  p i x e l s. One 
hund r e d  p i x e l s are g ra s s l and and 1 0 0  p i x e l s  a r e f o r e s t. 
Af t e r  c l a s s i f i c a t i o n , 7 5  p i x e l s a r e c o r r e c t l y  l abe l e d 
" f o r e s t" and 1 2 5  pi x e l s a r e  l ab e l e d " g ra s s l an d . "  Evaluat i ng 
the f o re s t  c l a s s  revea l s  7 5 %  c o r r e c t  c l a s s i f i c a t io n and 
omi s s i on e r r o r s  ( l o s s e s ) of 2 5 % .  Th e g ra s s l an d  c a t e g o ry has 
1 0 0 %  co r r e c t  c l a s s i f i c at i on. A l l  the p i x e l s  of g ra s s l and 
are l a b e l e d  a s  s u ch , b ut 25 p i x e l s  a re c a l l e d  g ras s tha t are 
a c tu a l l y  f o r e s t. Th i s  is a c ommi s s i on e r ro r o f  2 0 % .  Tw enty 
pe rc ent o f  the p i x e l s  l ab e l e d  "g ras s l and " are i n c o r r e c t. 
F o r  th i s  inv e s t igat i on , as s e s smen t o f  c l as s i f i c a t i on 
a c c u r a c y  wa s p e rfo rmed at two l e ve l s . F i r s t , ove ral l 
c l as s i f i c a t i on a c c u ra c y  was as s e s s ed b y  c ompa r ing e a ch 
c l as s i f i c a t i on output t o  the 2 2  c l as s d i g i t i z e d spe c i e s  
d i s t r i but ion map . Sec ond , c l as s if i c a t i on r e s ul t s  f o r  the 
nume rous i n d i v idual t e s t  compa rtmen t s  we r e  e va l ua t e d  b a s e d  
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u p o n  the s u p e rv i s e d  7 0  c l as s f ramewo rk a n d  t h e  f i na l  AMOEBA 
c l a s s e s .  
O ve ra l l A c c u r a c y  A s s e s smen t 
A na l y s i s  o f  AMOEBA output requ i r e d  one ad d i t i onal 
s t e p  p r io r  t o  a s s e s s ing c l as s if i c a t i on a c c u ra c y . Sin c e  
AMO EBA i s  an un supe rv i s e d c l as s if i c a t i on p r o c ed u r e , the 
r e s ul t ing s pe c t ra l  c l u s t e r s  had t o  b e  g iv en a r e s o u r c e  c l a s s  
l ab e l . Th i s  wa s d one b y  evalua t ing a c on t in g en c y  t a b l e . 
A c o n t ingen c y  t a b l e  i s  a tabu l a r l i s t ing of the 
l ab e l s a s s i gn e d  t o  the c ommon p i x e l s  of two c l as s i f i e d 
image s . The two imag e s  i n  t h i s  c a s e a r e  t h e  d ig i t i z e d  
s pe c i e s  d i s t r i b u t i on map and the AM OEBA o u t p u t  image. Th e 
c on t i ng e n c y  t a b l e  shows how many p i x e l s o f  e a c h  s pe c t �a l  
c l u s t e r  f r om the c l a s s if i c a t i on out p u t  " f a l l  i n t o " t h e  
v a r i o u s  g ro un d  t ru t h  c l a s s e s  of the d ig i t i z e d  map. E a c h  
AM OEBA c l u s t e r  was a s s igned t h e  l ab .e l  o f  t h e  re s ou r c e  c l a s s  
that mad e up t h e  ma j o r i t y  of t h e  s p e c t ra l  c lu s t e r . Thu s , 
t h e  AMOEBA s p e c t ra l  c l u s t e r s  we re a s s i gn e d  the l ab e l  of one 
o f  the 22 po s s i b l e  r e s o u r c e  c l as s e s  f r om the d i g i t i z e d  
s p e c i e s  d i s t r i b u t i on map . 
The ana l y s i s  o f  o ve r al l c l as s i f i c a t i on a c c u r a c y  f o r 
t h e  s u p e r v i � ed a l g o r i t hms requi r e d  a s im i l a r  p r o c e d u r e . 
Eac h  o f  the 7 0  output r e s ou r c e  c l as s e s  was  a s s i gned t o  one 
of the 22 g r o un d  t ru t h  c l a s s e s . Fo r e xamp l e , 1 5  Pi nus 
ra d i a t a  c l a s s e s  rang i ng i n  a g e  fr om 0 t o  2 5  y ea r s , n o t  
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t h i nned , an d o f  v a r i ous c r own c l o s u re c l a s s e s w e r e  a s s igned 
t o  a s i ng l e  g r ound t ruth c la s s : P inus rad i a t a  e s t a b l i shed 
af t e r  1 9 4 1 ,  no t th i nn e d . Thi s  wa s ne c e s s a ry t o  a l low 
c ompa r i s o n o f  each supe rv i s e d  c l a s s if i c a t i on ou t pu t  w i th the 
22 cl a s s  s pe c i e s  d i s t r i b u t i on map . 
Ove r a l l  c l as s if i cat ion a cc u r a c y  w a s  a s s e s s e d w i th 
the a i d  o f  c on t i n g e n cy t a b l e s  gene ra t e d  f r om the d ig i t i z e d  
s pe c i e s  d i s t r i b u t i on map and e a c h  c l as s i f i c a t i o n  o u t p u t . 
F o r  e a c h  c l as s i f i c a t i on o u t p u t , t h e  p e r c en t  c o r re c t  
c l as s i f i c a t i o n , om i s s i on e r ro r , c ommi s s i on e r r o r , and 
ma pp i ng a cc u r a c y  we re d e t e rm in e d . Map p i ng a c c u ra c y  is a 
mea s u r e  o f  the e r ro r i n  c l as s l o c a t i on b a s e d  u po n  the numbe r 
of p i x e l s c o r r e c t l y  cl as s i f i e d  and the numb e r  o f  omi s s ion 
and c omm i s s i on e r ro r s  ( Kalensky and S che rk , 1 9 7 7 ) .  
Te s t  C ompa r tment Eval ua t ion 
Te s t  c ompa r t m en t s  we r e  e x amine d to d e t e rmine 
clas s i f i c a t i on r e s u l t s  bas ed upon mo r e  d e t a i l e d c r i t e ria : 
cr own cl o s u re an d age . C l a s s i f i cat i on r e s u l t s  w i t h i n  the 
2 5 3  t r a in ing and t e s t  c ompa r tmen t s  we r e  e v a l ua t e d  in s e v e ral 
way s . AMOEB A o u t pu t  was eval ua t e d to d e t e rmine wh i ch 
c l us t e r s  we r e  a s s o c ia t e d  w i t h  the va r i ous re s o u r ce c l as s e s , 
and r e s u l t s  f r om supe rv i s ed c l as s i f i cat i on we r e  e v a l ua t e d  t o  
d e t e rmine t h e  pe r c ent co r r e c t  clas s i f i ca t i on . T o  do th i s , a 
c on t ing e n c y  t a b l e  was g ene ra t e d showing t h e  b r eakdown of 
p i x e l  c l a s s i f i ca t i on w i thin e a ch compa r tme n t . Of pa r t i cu l a r  
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int e r e s t  we r e  t h e  re s ul t s  w i thin homogen e o u s  c ompa r tment s .  
M i s c l as s i f i c a t i o n  w i th i n  t h e  homog e n e o u s  c ompa r tmen t s  
i nd i c a t e d  s pe c t ra l  c onfu s i on o f  the ou t p u t  c l a s s e s wi thin 
the c ompa r tm en t . 
Wh i l e  c ont ingenc y ta b l e s  p r ov i d ed a means t o  
c al c u l a t e  t h e  pe r c ent of p i x e l s  c o r re c t l y  c l as s i f i ed , an 
eval ua t i on of s pa t i a l  r e l at i o ns h i p s  was n o t  p o s s ib l e . To 
eval ua t e  t h e  s p a t i a l  d i s t ri b ut i on of c l a s s i f i c a t i on r e su l t s  
wi th in ind i v id ua l  c ompa rtmen t s , t h e  re s u l t s  we r e  c o l o r c o d ed 
on the !D IM S d i s p l ay and pho t og raphe d . Pho t o g raphs we r e  
t aken of : 1 )  e i ght c ompa r tment s fo r wh i c h  d e t a i l e d  maps 
we re avai l ab l e , 2 )  3 4  compa r tmen t s  ob s e rvab l e  o n  the ae rial 
pho t og raph s , and 3 )  60  homog ene ous compa r tm e n t s .  
The y 
V . RE S ULTS and DI S C U S S ION 
O v e ra l l  c l a s s i f i c a t i on re s u l t s  a r e 
a re t h e n  d i s c u s s e d  in t e rm s  o f  
r e po r t e d  f i r s t . 
t h e  s ep a rab i l i t y 
ana l y s i s . 
Ove r a l l  C l as s if i c a t i o n  Re s u l t s  
The s tu d y  a re a  was c l as s i f i e d  us i ng t h r e e  d if f e rent 
c la s s i f i c at i o n  a l g o r i t hms : 1 )  AM OEB A , 2 )  C LA S FY and 3 )  
M IN D ST . The c l as s i f i c a t i on a c c u ra c i e s  r e po r t e d  he r e i n  a re 
b i as ed low . Fou r t e en p e r c e n t  of the s t u d y  a r ea was 
c omp r i s e d  o f  r o a d s  and a r eas 
f e a t u r e s  we r e  n o t  d ig i t i z e d  
th e r e  a r e  f ewe r p i x e l s o f  
refe ren c e  d a t a  ind i c at e . 
b e twe en c ompa r tmen t s . The s e  
a s  a r e a s  b u t  a s  l in e s . Thu s 
fo re s t  t han t h e  d i g i t i z e d 
AM OEBA i s  
c l us t e r i ng a l go r i thm . 
AMOEB A Re s u l t s  
an un supe rv i s e d s pa t i a l - s p e c t ra l  
Inpu t was  l im i t e d  t o  s p e c i f y i ng t h e  
min imum and max imum numb e r  of c l us t e r s . F o r  t h i s  s t udy , 5 5  
c l u s t e r s we re g en e rat e d  and e a ch w a s  g iv en the l ab e l  o f  the 
c l as s f r om the d i g i t i z e d s pe c i e s  d i s t r ib u t i on map that made 
up the ma j o r po r t i o n  of the c l us t e r . Onl y  e l e ven of the 2 2  
po s s i b l e  c l a s s l a b e l s  we re as s igned t o  t h e  c l u s t e r s  ( Ta b l e  
2 ) .  The mino r s pe c i e s  neve r c o ns t i t u t e d  t h e  ma j o r  po r t i on 
of any c l u s t e r . 
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D I G I T. I CJJl i S. 
MAP OF D I G I T. % ERROR 
CLASS CLSTRS ARB4 1 N  PRB4 1 T  PRA4 1 N  PR URN GRAS TOTALS CORRECT % 
PRB4 1 N  4 879 1 3 0 1 3485 1 44 0 1 23464 7 1 . 2  28. 8 
PRB4 1 T  0 1 258 0 2268 0 0 696 1 o. o 1 00. 0 
PRA4 1 N  1 6  1 1 74 1 0 1 08 1 6 8 47 0 1 5 6408 6 9. 2 30. 8 
PRA4 1 T  2 1 6 205 0 1 0 1 77 2 0 53 1 1 0 39. 8 60. 2 
MZB4 1 N  1 1 95 0 93 67 8 0 27373 6. 0 94. 0 
MZB4 1 T  4 448 0 9 1 03 0 0 34320 5 5 . 4 44. 6 
MZA4 1 9 5 2 1  0 6493 4 0 1 0 233 3 2. 8 67. 2 
PPOND 6 5968 0 9 1 0 1  47 0 70903 6 9. 7 30. 3 
PNGA 2 1 5 733 0 5060 4 1  0 4447 2  1 2. 8  87. 2 
PCTA 2 63 50 0 25 56 58 0 226 7 0  36. 7 63. 3  
P LMB 0 3 0 85 0 0 277 o. o 1 00. 0 
PSTB 0 72 0 735 0 0 36 53 o. o 1 00. 0 
PMUR 0 24 94 0 380 4 0 3692 o. o 1 00. 0 
PPAT 0 29 2  0 220 4 0 1 05 2  o. o 1 00. 0 
CHLW 0 7 0 1 37 0 0 4 1 5  o. o 1 00. 0 
LRCH 0 24 0 462 0 0 860 o. o 1 00. 0 
E UCA 0 1 1  0 34 0 0 1 0 2  o. o 1 00. 0 
M I XT  0 962 0 336 0 0 2338 o. o 1 00. 0 
OTHR 0 1 1 50 0 3 1 9 7  83 0 783 6  o. o 1 00. 0 
C LCT 2 5 1 5 0 1 3099 4 9  0 1 6 063 0. 2 99. 8 
BURN 4 90 0 1 1 99 2570 0 5535 46. 4 53. 6 
GRAS 0 1 5 50 0 46 87 25 0 1 2609 o. o 1 00. 0 
C LASS I F . 
TOTALS 1 5450 2 0 200349 65 3086 0 6 1 3336 50. 6 49. 4 
COMM. 
ERROR % 43. 1 o. o 46. 0 6 1 6 . 7 o. o 
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B y  t o tal i ng the numb e r  o f  p i x el s that we re l ab e l e d 
c o r re c t l y , c l a s s i f i c at i on a c c u ra c y , omis s i o n , and c ommi s s i on 
e r ro r wa s d e t e rm i ne d . The c la s s  w i t h  t h e  h i ghe s t  
c l as s i f i c a t i on a c c u ra c y  wa s Pinus rad i a t a  e s t ab l i sh e d  b e f o re 
1 9 4 1 , n o t  th inned . Clas s if i c a t i on a c c u r a c y  wa s 7 1 . 2 % ( 2 8 . 8 % 
om i s s i on e r r o r ) ; howev e r , c o mm i s s i on e r ro r was 4 3 . 1 % .  
E l e v e n  mino r c la s s e s  had 1 0 0 %  omi s s i on e r r o r . The b u rned 
c a t ego ry had the l owe s t.  c omm i s s i on e r r o r ( 1 6 . 7 % ) .  Hi ghe s t  
c omm i s s ion e r r o r  ( 6 9 . 9 % )  was f o r  P s e ud o t s uga menz i e s i i  
e s t ab l i sh ed b ef o re 1 9 4 1 , no t t h i nn e d . 
Ove r a l l c l a s s ifi c at i on a c c u ra c y  f o r  AMOEBA was 
5 0 . 6 % ,  and ov e ral l mapp ing a c c u r a c y  wa s 3 0 . 2 % .  The s e  
a c c u r a c i e s i nd i c a t e  that spe c t ral c onfu s i on e x i s t s  among the 
fo r e s t  s pe c i e s . 
C LA S FY Re s u l t s  
C LA SFY i s  a max imum l ikel iho o d  c l as s i f i e r  that 
requ i r e s  
t ra i n i ng 
c l as s i f i e d  
t h e  s e l e c t i on o f  t raining s e t s . 
d a t a  we r e  input t o  C LA SFY . 
imag e c ontained 7 0  c l as s e s ; 
S e v e n t y  s e t s  of 
The r e s u l t ing 
howev e r , the 
d i g i t i z e d s pe c i e s  map contai ned onl y 22  c l a s s e s . The 7 0  
c l a s s e s  we re agg regat ed int o t h e  c o r r e s po n d ing m a p  c l as s e s . 
Two o f  the map c l as s e s , mix tu r e s  and o th e r mino r s pe c i e s , 
d i d  no t hav e c o r re s ponding t raining d a t a . 
OVERALL CLASS I 
D I G I T I ZED 
MAP CLASS PRB4 1 N  PRB4 1T ARA4 1 N  PRA4 1 T  MZB4 1 N  MZB4 1 T  MZA4 1 PPOND PNGA PCTA PU 
PRB4 1 N  308 1 8 2875 25299 1 4652 44 1 54 2 4356 4585 3743 1 4 1 70 51 
PR84 1 T  1 80 987 1 740 400 3 1 2  283 660 1 3 5  34 597 41 
PRA4 1 N  2257 6783 56527 7889 2447 23 7 2  33 229 2628 689 1 00 1 1 25 
PRA4 1 T  1 939 4575 1 83 8 1  63 1 9  1 281 74 1 344 1 1 26 1  378 604 1 26: 
MZB4 1 N  227 2459 2744 257 4 244 1 700 7966 894 2 1 3  765 9� 
MZB4 1 T  6 1  4908 1 970 1 08 6743 2902 6977 395 68 730 1 7' 
MZA4 1 70 374 2 1 1 1  230 1 03 1  522 1 064 1 306 1 03 88 1 2. 
PPOND 1 669 1 232 5 1 58 487 5 1 3  682 4 5 1 7 4 1 1 4 1  3858 290 1 L 
PNGA 3898 767 3287 797 1 59 285 2400 9277 1 1 3 26 63 7 1  
PCTA 1 80 1  240 1 879 485 87 90 t 1 28 20 2 1  1 335 1 0 1 94 
- P LM B  0 1 9  3 1  1 20 3 21 1 0 1 6  1 � 
PSTB 26 311 379 3 7  6 1 1 281 490 65 1 0  1 07 
PMUR 737 1 00 446 1 79 36 29 1 4 5  25 1  3 1 0  465 
PPAT 80 1 43 209 4 1  22 1 5  69 53 1 6  86 
CHLW 1 25 55 7 1 4  22 88 45 5 7 
LRCH 5 45 76 1 8  28 69 3 1 4  3 1  5 26 
E UCA 2 2 40 7 0 2 9 4 2 
M I XT 328 42 3 1 3  89 30 20 94 . 4 1 0  1 1 7 456 
OTHH 250 433 926 1 55 28 1 33 2 20 73 5 1 7 1 37 468 
C LCT 1 57 68 5358 1 84 34 68 2875 476 1 76 3 1 8 
B lRN 21 28 1 223 50 1 7  40 389 463 1 63 81 
GRAS 4 1 9  4 1 0  2592 430 250 204 25 1 6  1 604 390 804 � �  
CLA S S  I F . 
TOTALS 44946 26892 1 30744 32828 1 860 1 1 1 204 84398 66563 23069 554 97 97 1 
S CCJ.1M. 
ERROR 3 1 . 4  96. 3 56. 8 80. 8 7 7. 2 74. 1 87. 4 38. 2 50. 9 81 . 6  98. 
* No �ra i n i ng da�a for M I XT and OTHR. 
* * No d i g i T i zed WATR c l as s .  
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� LE 3 
I ON RESU LTS FOR CLASF Y  
<l--1 1 S. 
D I G I T I ZED % ERROR 
:»sTB PMUR PPAT CHLW l.Ra-1 ELCA CLCT BURN · �AS WATR TOTALS CORRECT % 
1 69 1 4 760 1 053 1 43 3 1 5 1 80 5 2300 0 873 60 1 23464 24 . 9  75. 1 
99 30 670 1 1 6 1 45 87 24 0 57 0 696 1 1 4. 2 85. 8 
67 1 789 4428 4 5 2  599 1 93 0  1 4655 0 551 1 23 1 5640 8  36. 1 63. 9 
396 484 3672 20 1 3 56 62 1 1 50 - 0 23 9  0 53 1 1 0  1 1 .  9 88. 1 
23 26 89 527 5 1 9  4 83 257 446 0 301 1 27373 1 5. 5  84. 5 
)288 30 308 1 343 330 1 1 6 1 5 1 0 1 1 9 0 343 20 8. 5 91 . 5  
3 29 6 1 6 2 6 76 9 1  1 80 537 0 747 0 1 9223 53. 4 44. 6 
228 442 1 40 1 46 338 6003 1 004 1 5  293 1 4  70903 58. 0 4 2. 0  
49 2708 97 80 285 1 5 7 1 668 0 307 1 8 4447 2  25. 5 74. 5  
52 2332 69 1 7 29 6 1 5 240 0 1 95 2 226 70 4 5. 0 5 5. 0  
0 1 6  0 6 2 0 0 0 0 Z17 50. 0  50. 0 
1 1 0 1  1 1  7 74 4 1 2  8 0 1 7  0 36 53 30. 1 69. 9 
5 767 47 8 30 64 1 2  0 79 0 3692 20. 8 79. 2 
29 21 1 90 0 8 25 5 0 9 2 1 05 2  1 8. 1 81 . 9  
2 1 0 97 3 1  1 4  1 0 0 0 4 1 5  23. 4 76. 6 
1 3  0 7 28 1 05 1 1  54 0 23 0 860 1 2. 2  87. 8 
0 0 0 29 2 0 0 0 1 02 28. 4 72. 6 
1 21 2 1 3  0 7 1 1 6 67 0 3 0 2338 o. o• o� o· 
56 255 1 1 1  46 1 422 289 1 64 57 359 35 7836 o. o• o. o •  
5 80 30 4 2  23 262 4742 65 1 095 1 1 6063 29. 5 70. 5 
2 1 0  1 0  2 8 25 1 92 2548 49 88 553 5  46. 0 54. 0 
1 22 1 4 7  1 49 93 57 1 1 65 548 0 544 1 4  1 2609 4. 3 95. 7 
)944 22974 1 1 709 4498 3673 1 54 25 25870 2685 1 0850 258 6 1 3336 30. 2 69. 8 
�9. 9 96. 7 98. 4 97. 8 97. 1 99. 8 8 1 . 7 5. 1 95. 0 0. 0** 
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P in u s  pond e r o s a  h a d  t h e  h ig he s t  c l a s s if i c at i on 
a c c u r a c y  a t  5 8 . 0 % ( omi s s ion e r ro r 4 2 . 0 % )  an d c ommi s s ion 
e r r o r  o f  3 8 . 2 % ( Tab le 3 ) ,  wh i l e  P s e ud o t s uga men z i e s i i  
p r e - 1 9 4 1 ,  t h i nn e d  had the l owe s t c l a s s i f i c a t i on a c c u r a c y  
( 8 . 5 % )  a n d  Eu c a lyp t s  � h a d  t h e  h i ghe s t  e r ro r  o f  
comm i s s i on , 9 9 . 8 % .  A t o t a l  of t en c la s s e s  had c ommi s s ion 
e r r o r s  a b o v e  8 5 % .  Mo s t  o f  th e s e  we re the minor s pe c i e s . 
Thi s  p o i n t s  o u t  the r i s k  o f  i n c l ud in g  the re l at i v e l y  mino r 
c a t e g o r i e s  that a re not  s pe c t ra l l y  d i s t i n c t . The ma j o r 
s pe c i e s  we r e  m i s c l as s i f i e d as  min o r  s pe c i e s i n s t e ad of the 
reve r s e . The b u rned c l a s s  again had the l owe s t  c ommi s s i on 
e r ro r  of 5 . 1 % . 
Ove r a l l  c l a s s if i c a t ion a c cura c y  f o r  the max imum 
l i k e l ihoo d c l a s s i f i c a t i on wa s 3 0 . 2 % w i th an ov e ra l l  map p i ng 
a c c u r a c y  o f  2 0 . 5 % 
· M IN D ST Re s u l t s  
M IN D ST i s  a sup e rv i s e d c l as s i f i c a t i o n  a l g o r i thm tha t  
u s e s  a min imum d i s t an c e  t o  t h e  me an s d e c i s i o n  ru l e . Th e 
s ame 7 0  s e t s  o f  t r ain ing d a t a  u s ed in C LA SF Y  we r e  u s e d  as  
input t o  M IND S T . Again the 7 0  c l as s e s  o f  the out p u t  imag e 
we r e agg reg a t e d  int o the 2 2  map c l a s s e s  o f  t h e  s pe c i e s  
d i s t r i b u t i o n map . 
Th e r e s u l t s  we re s imil a r  t o  C LA SF Y . P i n u s  pond e r o s a  
h a d  the h i g he s t  pe r c e nt of c o r re c t  c l a s s i f i c a t i on o f  5 2 . 5 % 
w i th a c omm i s s i on e r ro r  of 3 9 . 8 %  ( Tab l e  4 ) .  La r i x  s p . had 
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CM I S . 
D I G I T I Z ED D I G I T I ZED % ERROR 
MAP CLASS PRB4 1N FRB4 1 T  FR s WATR TOTALS CORRECT % 
PRB4 1 N  21 687 3055 21 1 23464 1 7. 6  82. 4 
PRB4 1 T  1 09 950 0 696 1 1 3. 6  86. 4 
PRA41 N  1 608 78 1 0  7 1 56408 32. 3  67. 7 
PRA4 1T  1 348 5 1 74 0 53 1 1 0 1 0. 9  89. 1 
MZB4 1 N  1 79 21 4 5 0 273 73 1 8. 9  81 . 1 
MZB4 1 T  48 43 1 8 0 343 20 9. 9 90. 1 
MZA4 1 44 372 0 1 9223 47. 2 52. 8 
PPOND 1 1 44 21 80 3 70903 52. 5 47. 5 
PNGA 2942 1 098 2 44472 28. 5 71 . 5  
PCTA 1 6 1 6  259 0 22670 46. 8 53. 2  
P LMB 0 38 0 277 26. 0 74. 0  
PSTB 22 33 2 5 0 3653 3 1 . 8  68. 2 
PMUR 536 1 24 33 0 3692 17. 3 82 . 7  
PPAT 39 1 50 4 0 1 052 1 2. 4  87. 6 
CHLW 1 45 2 0 4 1 5  1 1 . 8  88. 2 
LRCH 5 46 1 9  0 860 6. 0  94. 0 
EUCA 2 5 0 0 1 02 23. 5  76. 5 
M I XT 234 26 5 0 2338 0. 0* 0. 0* 
OTHR 2 1 2 460 1 279 20 7836 0. 0* 0. 0* 
CLCT 1 30 1 07 336 0 1 6063 28. 2 71 . 8  
BURN 23 30 95 39 . 553 5 40. 9 59. 1 
ffiAS 3 1 6 403 2 500 6 1 2609 4. 0 96. 0 
CLASS I F. 
TOTALS 32245 29 1 27 1 23  296 1 98 61 3336 27. 1 72. 9 
J C().1M. 
ERROR 32. 7 96. 7 5 96. 1 0. 0** 
* No tr a i n I ng data for M I XT 
** No d i g i t i zed WATR c l ass. 
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the highe s t  c ommi s s i on e r r o r  a t  9 9 . 9%  and t h e  s ame t en mino r 
c l a s s e s  a s  i n  C LA SFY had c ommi s s i on e r r o r s  above 8 5 % . 
Lowe s t  c ommi s s i on e r ro r  was fo r t h e  b u rn e d  c l a s s ( 8 . 1 % ) .  
Ove ra l l  c l a s s i f i c a t i on a c c u ra c y  wa s 2 7 . 1 % w i th an ove ral l  
map p i ng a c c u r a c y  o f  1 8 . 0 % .  
C o n c l u s i o n s  Bas e d  Upon O ve r a l l  
C l a s s if i ca t i o n  Re s u l t s  
Low a c c u ra c i e s  o f  the supe r v i s e d  c l as s i f i e r s c an b e  
e x p l a i n e d  b y  t h e  s pe c t ra l  s imil a r i t y o f  s om e  o f  the r e s o u r c e  
c l as s e s  ( s e e  f o l l ow ing d i s c us s i on ) . I n c l u s i on o f  t ra i n i ng 
d a t a  f o r man y c a t ego r i e s  that we re n o t  s pe c t r a l l y  d i s t i n c t 
c au s ed many c ommi s s i on e r ro r s . Ten m i no r c a t ego r i e s  
c omp r i s e d  o n l y  5 . 7 % o f  the s tu d y  a r e a ; howev e r , 1 8 . 4 % .of  
the s tu d y  a r e a  wa s mis c l a s s i f i e d  i n t o  t h e s e  c a t e go r i e s  b y  
the max imum l i k e l ih o o d  alg o r i thm . Om i s s i o n  o f  t h e s e  c l as s e s 
wo u l d  hav e i n c r e a s e d  ov e ra l l  c l as s i f i c at i o n  a c cu ra c i e s . 
Th e g r e a t e r  a c c u r acy o f  the AMOEBA a l g o r i thm was due 
t o  i t s  un s u p e rv i s e d  na ture whi c h d e - em ph a s i z e s  mino r 
c a t e g o r i e s  that a re not s pe c t r al l y  d i s t i n c t . Th e t en mino r 
c a t ego r i e s  ment i oned above we re c l a s s i f i e d i n t o  o the r 
c a t ego ri e s . In ad d i t i on , the s upe rvi s ed a l g o r i t hm s  only u s e  
s pe c t ra l  i nfo rm a t i on t o  make c la s s i f i c a t i o n  d e c i s ions wh i l e  
AMOEBA u s e s  s pa t i a l  info rmat i o n  a s  we l l . 
The f o l l owing d i s c u s s ion on s e p a rab i l i t y  w i l l  
a t tempt to i d ent i fy o t he r f a c t o r s  that c au s e d  
mi s c 1 a s s i f i c a t i o n  i n  t h e  ove ra l l  r e s ul t s . 
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A n a l y s i s  o f  Clas s Sepa rab i l i ty 
Anal y s i s  o f  t ran s f o rmed d i ve rg e n c e val ue s ( Dt ) was 
an imp o r tant s t e p  in evaluat ing th e ab i l i t y  of Land sat M S S 
t o  d i s c r imi na t e  the v a r i o u s  c om b i nat i on s  o r  s p e c i e s , age , 
c r own c l o s u r e  and thinning t rea tmen t s  w i t h i n  t h e  Kai nga r oa 
f o r e s t p l an t a t i o n . 
Tran s f o rme d d ive rg en c e  i s  a s t a t i s t i c a l  meas u r e  of 
c l as s s e pa rab i l i t y � Dive rgenc e val ue s range f rom 0 to 2 0 0 0 . 
Val ue s b e low 1 0 0 0  ind i c a t e  that the s pe c t ra l  c l a s s e s  a r e  
v e ry s im i l a r . Ex c e l l ent s e pa rab i l i t y  o� s pe c t r al c l as s e s  i s  
i nd i c a t e d  wh en d i v e r g en c e  value s a r e  a b o v e  1 7 0 0  ( Swain and 
Dav is , 1 9 7 8 ; F l eming e t  al . ,  1 9 7 5 ) .  Th i s  me a s u r e  was u s ed 
t o  d e t e rm i ne wh i c h  s pe c t ral t r a i n i ng c l as s e s  a r e  s pe c t ra l l y  
s imi l a r  a n d  t h u s  l ik e l y  t o  b e  c o nfu s ed and c aus e 
mi s c l as s i � i c at i on . 
The d ive rgence t ab l e s  thems e l v e s  we r e  v o l uminous . 
Th e o r i g inal 1 6 0 s pe c t ra l  c l u s t e r s eval ua t e d f o r  d i v e rgen c e  
r e s u l t e d  i n  1 2 , 7 2 0 pa i r -w i s e  c omb ina t i on s . The f inal 7 0  
s p e c t ra l  c l a s s e s r e sul t ed in 2 4 1 5  pa i r s . Fo r that reas on , 
gene ra l i z e d  s t a t ement s i l lus t ra t e d  b y  s p e c i � i c  e x ample s a r e 
made t o  s umma r i z e  the eva l ua t i o n  o f  the t ransformed 
d i v e rge nc e value s . Append i x  3 cont a i n s  a l i s t i ng of the 
f inal 7 0  s p e c t ra l  t r aining c l a s s e s  and e a c h  c l as s  wi th a 
t rans f o rmed d i v e rg e n c e  val ue l e s s  than 1 7 0 0 . 
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Anal y s i s  o f  t ran s f o rmed d i v e rg en c e  v a l ue s i nd i c a t e d  
t h a t  d e t ai l e d d i s c rimina t io n  be tween va r i ou s  c omb ina t ions o f  
fo r e s t f e a t u r e s ( i . e .  s pe c i e s , age , c r own c l o s u r e , 
t h i nn ing ) was  d i f f i c ul t . 
Sepa rab i l i t y Ba s e d Upon A ge 
C l e a r c u t s  and y oung regene ra t i o n  o f  any s pe c i e s  we r e  
found t o  b e  s p e c t ra l l y  s im i l a r  o r  d i s s i m i l a r . The p l an t e d  
t r e e s  d i d  n o t  o c c upy the -s i t e  ful l y  e nough t o  c o n t r i b u t e  
mu ch t o  the s pe c t ra l  r e s p on s e  domina t ed b y  s o i l . 
Mo s t o f  the r e p r o du c t ion t r aining s e t s  a s  we l l  a s  
the c l ea r c u t  c l a s s we re c l us t e r e d . Up t o  1 0  s pe c t ra l  
c l as s e s  w e re i d en t if i e d pe r r e s o u r c e  c a t e g o r y . Th i s  
ind i c at e s  the l a rge s pe c t ra l  va r i ab i l i t y  w i th i n  the � e  
r e s o u r c e  c a t e g o r i e s . The s pe c t r a l  va r i ab i l i t y  wa s m o s t  
l ik e l y  caus ed b y  var i a t i on s  in s o i l , na t u r a l  vege t a t i on , 
p r e - p l an t in g  s i t e  p r e p a r a t ions , s l o pe and a s p e c t . Thus a 
s p e c t r al c l a s s of r e s ou r c e  cat ego ry " A "  c o uld b e  e i the r 
s pe c t r a l l y  s im i l a r  o r  d i s s im i l a r t o  s pe c t r a l  c l a s s e s  of 
c a t e go ry " B . " 
The r e s ou r c e  c l as s e s  Pinus rad i a t a  l e s s  t han one 
y e a r old and c l ea r c u t  we re c l us t e red . Th i s  r e s u l ted in s i x 
and t e n  s p e c t r a l  c l us t e r s  re s pe c t i v e l y . Th e s e  w e re r e du c e d  
t o  t h r ee a n d  f o u r  c l us t e r s r e s pe c t i v e l y  th r o ugh c omb ina t i ons 
and de l e t i o n s . One of the f i nal P inus rad i a t a  c l us t e r s was 
s p e c t r al l y  s im i l a r  t o  one c l ea r c u t  c l u s t e r  ( D t = 9 6 8 ) and at 
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the s am e  t ime , d i s s imil a r  t o  ano th e r  c l e a r c u t  c lus t e r  
( D t = 1 9 5 3 ) .  
Di s c rimina t i o n  be tween s pe c i e s  w i t h i n  r egene rat i on 
c l as s e s  up t o  t h r e e  y e a r s  was no t po s s i b l e  i n  t h i s  s t udy . 
F o r  e x am p l e , a s pe c t r a l  c l u s t e r  o f  two y e a r  o l d  Pinus 
rad i a t a  wa s s im i l a r  to a c l u s t e r  o f  l e s s t han a y e a r  o l d  
P s e u d o t suga men z i e s i i  ( D t = 4 2 4 ) .  Ano the r e x am p l e  i s  yea r o l d  
P s e u d o t s uga men z i e s i i . I t  wa s s im i l a r  t o : 1 )  yea r o l d 
P inus r ad i a t a  ( D t = 3 7 0 ) ,  2 )  l e s s than y e a r  o l d  P s e udo t s uga 
men z i e s i i  ( Dt = 6 6 2 ) and , 3 )  two y e a r  o l d  P i n us rad i a t a  
( D t = e 2 o ) .  
On the b as i s  of th e s e  t ran sf o rmed d i v e rg e n c e  value s , 
a c c u rat e s p e c i e s  and age d i s c r imina t ion w i t h i n  t h e  young e s t  
rep r o du c t i on c l a s s e s  i s  n e x t  t o  impo s s i b l e . Su b s t a n t i al 
s pe c t r al va r i a t i ons ( c aus ed by num e r o u s  f a c t o r s ) ind i c a t e  
that th e s e  re p r o du c t i on c l as s e s  d i d  n o t  hav e un i qu e  s pe c t ral 
s igna t u re s . C l e a r cu t  and rep roduc t i on c l as s e s  a s  a wh ol e ,  
howe v e r  we re d i s t i nc t f r om ot he r fo re s t  c l a s s e s . 
De t a i l e d  age d i s c r imina t i on w i t hi n  a s pe c i e s  fo r the 
o l d e r age c l a s s e s  was al s o  d if f i cul t .  Tw en t y -f i v e  yea r o l d  
Pinus r a d i a ta w i t b  9 0 % c r own c l o s ure wa s a l mo s t  s pe c t ral ly 
id en t i c a l  t o  f if t y  y e a r  o l d  Pinus r ad ia t a  w i th 9 0 %  c rown 
c l o s u re ( Dt = l 8 4 ) ,  and was a l s o  s im i l a r  t o  twen t y  y e a r  o l d  
Pinus r a d i a t a  w i th 9 0 % c r own c l o su r e ( D t = 4 2 9 ) . F i f t y -fi v e  
yea r o l d  Ps eudo t s uga menz i e s i i w i th 9 0 %  c r own c l o s u re was 
spe c t ra l l y  s i m i l a r to a twe n ty y e a r  old s t an d  ( s ame s pe c i e s )  
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w i t h 9 0 % c r own c l o su re ( D t = 8 9 6 ) .  Th i r t y  y e a r  o l d  
Ps eu do t s ug a  menz i e s i l  w a s  s im i l a r  t o  b o th t w e n t y  y e a r  o l d  
( Dt = 3 9 3 ) a n d  t e n  y e a r o l d  ( Dt = 8 5 5 ) s tand s . Th i s  i nd i c a t e s  
that on c e  t h e  t r e e s a re ma t u r e  and / o r f u l l y  o c c u p y  t h e  s i t e , 
c hang e s  in age d o  no t r e s u l t  i n  s i gni f i c an t  c hang e s  in 
s p e c t ra l  r e f l e c t an c e .  
S e p a rab i l i t y  Ba s e d  Upon Th inn i ng 
The s pe c i e s  map u s e d as  g roun d t ru t h  fo r th i s  s t udy 
only i nd i c a t e d  tha t a c ompa r tment had b e e n t h i nn e d . Th e 
d a t e  of t h inning was unkn own . Th e y o un g e s t  c ompa r tm en t 
known t o  b e  t h i nned c ont ained ten y e a r  o l d  P inus r ad i a t a  
wh i l e  t he o l d e s t  s t an d s  we r e  f i f t y  ye a r s  o l d  o r  o l d e r  Pinus 
rad i a t a  a n d  P s e u do t s uga men z i e s i i . Eval uat i on o f  d i ve r g en c e  
value s f o r t he va r i ous t r a in i ng s e t s  was i n c o n c l u s i v e . Some 
t h i nn e d  s t and s we re s pe c t ral ly d i s t i n c t  wh i l e  o th e r s  we r e  
n o t . Thi s  m a y  b e  r e l a t e d  t o  t h e  d a t e  o f  t h i nn i ng r e l a t i v e  
t o  t he d a t e  of imag e a c qu i s i t i o n . C ompa r tment s th i nned 
s ho rt ly b e fo r e  the Land s a t  o ve rpa s s  on De c . 2 2 , 1 9 7 5 ,  woul d 
l ikel y b e  s pe c t ral l y  d i s t i n c t  f r om c ompa r tm en t s  of s im i l a r  
a g e  and t h e  s am e  s pe c i e s  b u t  no t t h i nne d . Th i s  woul d b e  the 
r e s u l t o f  a m o r e  open c anopy and d i s t u r b e d  und e r s t o ry 
veget a t i o n  ( s k i d  t ra i l s ) .  C ompa r tmen t s  th i nn e d  long b e f o r e  
the Land s a t  ove r pa s s ; howev e r  w o u l d  h a v e  t i me t o  i nc r e a s e 
c r own c l o s u r e  and revege t a t e  s k i d  t ra i l s . Su c h  c ompa r tment s 
woul d then b e  d i f f i c u l t  t o  d i s t i ngui s h  f r om un t h i nne d s t and s 
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w i th t h e  s ame c anopy c l o s u r e . 
S e v e r al e x ampl e s  i l l us t ra t e  t h e  d if f i c u l t y  i n  
i d en t i f y i ng th i nn e d  c ompa rtmen t s . The y o ung e s t thinned 
c om pa rtment of Pinus rad i a t a  was ten y e a r s  o l d  and had 9 0 %  
c r own c l o s u r e . Th i s  c ompa rtment s howed g o o d  s e p a ra t i on f rom 
an un t h i nn e d  c ompa r tment o f  the s ame s p e c i e s , ag e and c r own 
c l o s u r e  ( Dt = l 6 4 4 ) .  It i s  int e r e s t ing t o  no t e  that t h i s  
t h i nn e d  s t an d o f  P inus rad iata was a l s o  s pe c t r a l l y  s im i l a r  
to t h e  t ra in i ng s e t  r e p re s e n t i ng unt h i n n e d  P in u s  rad ia t a , 
ten ye a r s  o l d  and 7 0 %  c r own c l o s u r e ( Dt = 9 9 2 ) .  
Th i nn e d  and un th inned s t and s o f  twe n t y  y e a r  o l d  
P i nus r a d i a t a  wi th 9 0 %  c r own c l o s u r e  we r e  a l s o  c ompa r ed . I n  
ea c h  c a s e  t h e  t r a i ni ng d a t a  we re c l us t e r e d  wh i c h  r e s u l ted i n  
e i gh t s pe c t ra l  c l us t e r s  f o r  t h e  un th i nn e d  s t an d s  a n d  three 
c l us t e r s for the t h i nned s tand s . Of the e ight s pe c t ral 
c l us t e r s  fo r un t h i nne d s t and s , on l y  two c on t a i n e d  ove r 1 0 0  
p i x e l s  wh i l e  t h e  r ema ind e r  ( wh i c h  we r e  e v e n tua l l y  d e l e t e d ) 
c ont a in e d  4 2  p i x e l s  o r  l e s s . Th e  s pe c t ra l  c l us t e r s 
r e p re s e n t i ng th inned s tand s c on t a i ne d  1 0 0 , 1 94 ,  and 2 6 3  
p i x e l s  r e s pe c t i v e l y . T ran s f o rmed d i v e rg en c e  v al ue s  b e tw e en 
the s e  f iv e  l a rge s t  c l us t e r s  ( 3  c l us t e r s  v s . 2 c l u s t e r s ) 
w e r e  3 9 9 ,  5 6 0 , 8 5 5 ,  9 6 5 , 1 7 6 8 ,  and 1 8 6 3 . Th i s  b r oad range 
o f  Dt value s i nd i c a t e s  that c ons i s t e n t  s e p a ra t i on of t h i nned 
and unth i nn e d  c ompa r tmen t s  was un l ik e l y . 
S e pa rab i l i t y  Wi thin a S pe c i e s  
B a s e d  Upon C rown C l o s u r e  
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S e p a rat i on b a s e d  upon c rown c l o s u re w a s  no t a c h i e v e d  
wi th a n y  g re a t  r e l i ab i l i t y . In s e ve r a l  c a s e s  d iv e rgen c e  
va lue s i n d i c a t e d  t h a t  d i s c rim ina t i on was  p o s s ib l e , wh i l e  in 
o th e r  c a s e s  t he y  d i d no t . F o r  e x am pl e , in s t an d s  o f  Pinus 
rad i a t a t en y e a r s  o l d , n o t  thinned , w i t h  9 0 %  c r own c l o s u r e  
ve r s u s  7 0 %  c rown c l o s u r e , y i e l ded a d i v e r g en c e  v a l ue o f  1 5 3 0  
wh e n  c ompa r e d  t o  s im i l a r  _ s t and s w i t h  7 0 %  c r own c l o s u re . 
Howev e r ,  2 5  y e a r  o l d  s t an d s  y i e l d e d  a d i v e rg e n c e  v al ue of 
4 8 0  f o r 9 0 % ve r s us 7 0 %  c r own c l o s u r e . 
I n  t h e  cas e of g reat e r  c r own c l o s u re d i f f e ren c e , 
s t and s o f  P inus r ad i a t a  f i f t y  years  old and n o t  t h i nn e d  w i t h  
9 0 %  a n d  5 0 %  c r own c l o su re re s pe c t i v e l y  we r e  c om pa re d . In 
each c a s e  t h e  t rain ing data we re c l us t e re d . C l us t e r ing the 
5 0 % c r own c l o s u re data r e s u l t e d  in two c l u s t e r s  c on t a in i ng 
8 1  and 5 2  p i x e l s . C l us t e r i ng of the 9 0 %  c r own c l o s u r e  d a t a  
r e su l t e d  i n  f o u r  c lu s t e r s  of 3 0 1 , 3 0 5 ,  7 0 , a n d  4 9  p i x e l s . 
The d i s pa r i t y  b e twe en the numbe r of p i x e l s  r e p r e s en t ing e a c h  
r e s o u r c e  c a t eg o ry was  due t o  d if f e ren c e s  i n  t h e  numb e r  of 
c ompa r tment s w i th tho s e  s p e c i f i c  cha ra c t e r i s t i c s . The re a re 
mo re c ompa r tm ent s w i th 9 0 % c r own c l o s u r e t ha n  5 0 % c rown 
c l o s u r e . T r ans f o rmed d ive rgence v a l ue s f o r the e i ght ( 4  
t i m e s  2 )  po s s i b l e  c l as s pa i r s  rang e d  f r om 8 2 4  t o  1 9 8 6 . The 
Dt val ue s  b e t we en the l a rges t c l u s t e r  i n  t h e  5 0 %  c r own 
c l o s u r e  c la s s  and the two l a rge s t c l us t e r s  in t h e  9 0 % c rown 
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c l o s u r e  c l as s we re 1 0 1 9 and 8 2 4  re s pe c t i v e l y . The s e  l ow 
value s i nd i c a t e  that the re was s ome o t h e r c ond i t i on i n  the s e  
c ompa r tm en t s  that  w a s  c aus ing the 9 0 % c r own c l o s u r e  and the 
5 0 %  c r own c l o s u re s t and s t o  l o ok s im i l a r . 
S e pa rab i l i t y  Between Sp e c i e s  
Anal y s i s  o f  Dt value s showed mat u r e  f u l l y  s t o cked 
s t and s o f  c e r t a i n  s pe c i e s  t o  b e  d i s t i n c t f ro m  one ano the r .  
In mo s t  c a s e s  the two ma j o r  s pe c i e s  o f  t r e e s  in the 
Kai ng a roa Fo r e s t ,  Pinus rad iat a  and P s e ud o t s uga menz i e s i i , 
ha d high d iv e rgen c e  values . Looking a t  Dt v a l ue s f o r the 
f i na l t ra i n i n g  s t a t i s t i c s , i n  all c a s e s  wh e re P inus r ad i at a  
was ove r 7 0 % c rown c l o s u re and at l e as t 1 5  y e a r s  o f  age , 
t r an s f o rmed d i v e rgen c e  value s we re a l wa y s  a b o v e  1 7 0 0  wh e n  
c ompa r e d  t o  any P s eudo t s uga rnenz i e s i i c l a s s . 
T ra i n ing d a t a  fo r the young e r  s t and s of Pinus 
rad i a t a  ( l e s s  than 1 5  y ea r s ) an d m o r e  o pe n  o l d e r  s t and s 
( l e s s  than 7 0 %  c r own c l o s ure ) p r o d u c e d  va r i e d r e s u l t s  wh en 
c ompa r e d  to P s e u do t s uga rnenz i e s i i . T r a i ni ng d a t a  f o r one 
s t and o f  P in u s  rad i a t a  ( 1 0 y e a r s  o l d , 9 0 % c r own c l o s u re ) 
we e s im i l a r  t o  t ra in ing da t a  fo r two s t and s  o f  P s e udo t s uga 
menz i e s i i  ( 4 5 and 2 0  y e a r s  o l d  w i th 7 0 %  and 9 0 % c r own 
c l o su r e ) y i e l d ing Dt val ue s of 1 2 7 9  and 1 4 0 6  re s p e c t i v e l y . 
Ho weve r ,  d a t a  fo r o the r t en yea r o l d  Pinus r a d i a t a  s t and s o f  
7 0 %  a n d  9 0 % c r own c l o s ure h a d  D t  val ue s ab o v e  1 7 0 0 when 
c ompa r e d  t o  any P s e udo t s uga menz i e s i i  c l as s . 
6 1  
Th r e e  s e t s  o f  t ra in ing d a t a  r e p r e s e n t ing o l d e r  
s t and s ( 4 5 and 5 0  y e a r s ) o f  Pinus r a d i a t a  w i th 5 0 % c r own 
c l o su r e w e r e  a l s o  s pe c t ra l ly s im i l a r  to t ra in ing data f o r 
f iv e  c l u s t e r s o f  P s e udo t s uga menz i e s i i . The s tands  o f  
P s e udo t s uga menz i e s i i ranged in age f ro m  2 0  y e a r s  to 5 5  
y e a r s  and had c r own c l o su r e s  f r om 7 0 %  t o  9 0 % .  The 
t rans f o rmed d i v e rg e n c e  value s we re a s  l ow a s  6 7 9 w i t h  t h r e e  
va l ue s  b e l ow 1 0 0 0  and a t o t al of t en c l a s s p a i r s  w i t h  D t  
v a l u e s  b e l o w  1 7 0 0 . 
In summ a r y , mat u r e  and fu l l y  s t o c k e d  s t and s o f  Pinus 
rad i a t a and P s e ud o t s uga 
Eval ua t i o n of Dt va lue s b e tween 
menz i e s i i  
o th e r  
w e re 
s p e c i e s  
s e parab l e . 
w i th i n  t h e  
fo re s t  s howe d that whi l e  s ome s p e c i e s  we r e  s e pa ra t e d , o th e � s  
we re no t . Eval ua t i on of Dt val ue s f o r P i n u s  ponde r o s a  
ind i c a t e d  i t  w a s  u s ua l l y  d i s t i n c t  f rom P in u s  r ad i a t a  and 
P s eud o t s uga menz i e s i i . 
S e v e r a l  t ra i n i ng s e t  we r e  u s e d  t o  r e p r e s e n t  t h e  
r ange o f  s pe c t ra l  va r i a t i on o b s e rved i n  t h e  m a t u r e  s tand s o f  
P inus p o nd e r o s a . In al l c a s e s  P inus p o nd e r o s a  was e a s i l y  
s e pa ra t e d  f r om P s e udo t s uga menz i e s i i  w i t h  D t ' s g rea t e r than 
1 9 0 0 . Howev e r , one of the f i nal t h r e e  P i n u s  pond e r o s a 
t ra i n i ng s e t s  e x h i b i t e d  s pe c t ra l  c onfu s i on w i th 5 0  y e a r  o l d  
P i nus rad i at a , 5 0 % c r own c l o s ure , n o t  th inn e d  ( Dt = l 2 1 9 ) ,  and 
an o t h e r  p o nd e ro s a  c l as s had a Dt val ue j us t  un d e r  1 7 0 0  wh en 
c ompa r e d  t o  the s ame Pinus rad i a t a  c l as s . In al l othe r 
ca s e s , P in u s  ponde ro s a  had a h i gh l ike l i h o o d  of c o r r e c t  
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c l as s if i c a t i on ( Dt ' s  g re a t e r  than 1 7 0 0 ) wh e n  c ompa red t o  
P inus r ad i at a . Fu r th e r  e x am ina t i on o f  P i n u s  pond e r o sa d a t a  
p r o d u c e d  ano t h e r  int e re s t i ng ob s e rvat i o n . 
Fo r t y y e a r  o l d  Pinus ponde ro s a  r e q u i r e d  s ev e ral 
t ra i n i ng s e t s  to r e p r e s e n t  i t s  s pe c t r a l  v a r i a t i on . Fo r 
e x ampl e ,  c ompa r t men t s  5 2 2 and 5 3 0  w e r e  e s t ab l i s h e d  i n  1 93 3 . 
Howev e r ,  wh e n  ob s e rved on the FC C ,  5 2 2  h a s  a p inki s h hue 
wh i l e  5 3 0  i s  d ef in i t e l y  b r own ( F ig . 9 ) . New Z e al and Fo re s t  
Se r v i c e  p e r s o nn e l  we re que r i e d  r e g a r d ing t h e  po s s i b l e  c aus e 
of t h i s  s p e c t r a l  d if f e r e n c e . F i e l d  o b s e rvat i o n s  c a r r i e d  out 
in the f a l l  of 1 98 2  ( s e v en ye a r s  a f t e r  d a t a  c a p t u r e ) 
re v e a l ed no o b v i ous d i ffe renc e s  i n  und e rg r o wt h , c r own 
c l o s u r e , o r  t r e e  s pa c i ng . Howev e r , h i s t o r i c a l  r e c o r d s  
ind i c a t e t h a t  in 1 9 7 4 , c ompa r tmen t 5 2 2  w a s  h e av i l y  i nfe c t ed 
wi th Do th i s t r oma pini , a nee d l e  k i l l ing fungus . The 
c ompa rtment wa s s p rayed w i t h a fung i c i d e  i n  De c e mbe r 1 9 7 4  
and aga i n  i n  Feb rua ry 1 9 7 5 . P e t e r  He r r i c k o f  the N ZF S  
s p e c u l a t e d  tha t  t h e  s pe c t ral d i f f e renc e o b s e rv e d  o n  t h e  FC C 
w a s  due t o  n e e d l e  d ro p  c au s e d  b y  t h e  fungus in c ompa rtment 
5 2 2 . It shou l d  be n o t e d  that t h i s s pe c t r a l  d i f f e r e n c e  may 
not be l o ng l a s t i ng . 
Two s e t s  of t ra ining data t o  r e p r e s e n t  t h e  " pi nk " 
P inus po nd e r o s a  c ompa r tmen t s , wh en c ompa r e d  t o  two s e t s o f  
t ra in i ng dat a  f o r  t he " b rown " c ompa rtment s y i e l d ed D t  val u e s  
of 1 4 8 6 ,  1 6 2 1 , 1 6 B 2 , a n d  1 8 6 1 . Th e s e  v a l ue s ind i ca t e  the 
ab i l i t y  of Land sa t to d e t e c t , fo r the mo s t  p a r t , the l o s s of 
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F i g� 9 .  S pe c t ral Va r i ati on of P in us pond e r o sa 
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ne e d l e s  i n  t he s e  P i n us pond e ro s a  c ompa r tm e n t s .  
Whi l e  P in u s  rad i a t a , P s eu d ot s uga m e nz i e s i i  and Pinus 
pon d e r o s a  e x h i b i t ed a h igh l ik e l i h o o d  o f  c o r re c t  
c l a s s i f i c a t i on wh en c om pa red t o  e a c h  o th e r ,  many o f  the 
o the r s pe c i e s  w i thin the Kai nga r o a  Fo re s t  we r e  found t o  b e  
s pe c t r a l l y  s im i l a r  t o  t h e  p re v i o u s l y  m en t i oned t h re e  s pe c i e s  
a n d  t o  e a c h  o the r . 
T r a i n i ng d a t a  f o r  Pinus c on t o rt a  w e r e  g roupe d  into 
fo u r  age c l as s e s : 5 ,  1 5 , 3 0 , and 45  y e a r s  of age . The 
youn g e s t  age c l as s  was s p e c t ra l l y  s im i l a r  t o  1 0  y e a r  o l d  
P inus rad i a t a  a n d  P s e udo t s uga menz i e s i i  wi th Dt value s  of 
1 0 0 4  and 1 2 3 6  re s pe c t iv e l y . Fif t e en year old Pinus c on t o r ta 
was s im i l a r  t o  many Pinus r ad i a t a  t ra in i ng s e t s  with nine .Dt 
value s b e l ow 1 7 0 0 . Thi s  t ra i n i ng s e t  w a s  a l s o  s im i l a r  t o  
P inus p a t u l a  ( Dt = 1 5 5 7 ) .  The t ra i ning s e t  f o r  the 3 0  y e a r 
o l d  t re e s  w a s  v e ry s im i l a r  t o  4 5  y e a r  o l d  P i n u s  r ad i a t a  
( Dt = 4 2 4 ) and P i n u s  mu r i c a t a  ( Dt = 9 9 2 ) .  The o l de s t Pinus 
c o nt o r t a  c l as s  wa s s pe c t ra l l y  s im i l a r  t o : 3 5  y ea r o l d  Pinus 
nigra ( Dt = 5 4 6 ) , P inus mu r i c at a  ( Dt = 8 8 4 ) ,  4 0  and 5 0  y e a r  o l d  
P inus po nd e r o sa ( Dt range f r om 1 2 8 8 t o  1 5 6 5 ) ,  and f ive 
c l a s s e s o f  Pinus rad i a t a  ( D t rang e d  f r om 1 3 3 1  t o  1 6 9 5 ) . 
T ra i n ing d a t a  fo r f i v e  age c l a s s e s  o f  P inus n igra 
we r e  o r i g ina l l y  s e l e c t ed . The s e  c l a s s e s  w e r e  3 5 , 4 0 , 4 5 , 
5 0 , and 6 0  y e a r s  o f  age . The 4 0 , 4 5 , and 6 0  y e a r c l as s e s 
we r e  s ub s e que n t l y  d e l e t ed due t o  the i r  s im i l a r i t y  t o  the 3 5  
y e a r  o l d  c l as s . The y  had Dt val u e s  o f  8 2 3 , 2 1 8 ,  and 6 0 1  
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re s pe c t i v e l y . The 5 0  y e a r o l d  c l as s wa s s pe c t ra l l y  d i s t i n c t  
f r om t h e  o th e r P inus n igra c l a s s e s  w i t h  D t  v a l ue s of 1 98 7 , 
1 8 2 9 ,  1 9 8 1 , and 1 9 0 0 .  The r e a s on f o r  t he s e  h i g h  v a l ue s i s  
unknown . P e rha p s  i t  wa s c au s ed b y  c o n d i t i o n s  s im i l a r  t o  the 
e x amp l e  c i t e d f o r  40 y e a r o l d  P inus po nd e r o sa i . e .  ne e d l e  
d ro p . O n l y  f u r the r inve s t iga t i on b y  t h e  N ZF S  c an d e t e rmine 
the cau s e . 
A na l ys i s  o f  Dt value s f o r the 3 5  y e a r o l d  c la s s of 
P in u s  n i g r a  ind i c a t e d tha t i t  was no t s e pa rab l e  f rom o t h e r 
s p e c i e s . Fo r e x ampl e , f o u r  c l as s e s of Pinus r ad i at a  we re 
c on fu s e d  w i th 35 y ea r  old P inus n igra ( Dt = 6 3 0 ,  1 0 3 8 ,  1 4 6 7 , 
1 5 5 9 ) ,  a s  we re t h r e e  c l a s s e s  o f  Pinus po n d e r o s a  ( Dt = 7 5 5 , 
1 4 0 8 , 1 5 8 0 ) .  C ompa r i s on of 3 5  y e a r  o l d  P in u s  n ig r a  t o  Pinus 
mu r i c a t a  r e s u l t e d  i n  a D t  value of 1 2 7 7 .  The wo r s t  c a s e  
invo l v e d  s e p a r a t i on of 3 5  yea r o l d  P i n us n igra and 4 5  y e a r  
o l d  Pinus c on t o r t a ( D t = 5 4 6 ) .  The 5 0  y e a r  old P inus n igra ; 
howev e r  w a s  o n l y  s im i l a r  t o  one o th e r  t ra i n ing s e t . I t was 
s im i l a r  t o  o ne o f  t he 4 0  year o l d  P inus pond e r o s a  t rain i ng 
s e t s  ( Dt = 1 5 5 4 ) .  The 5 0  y e a r o l d  Pinus n igra t ra i n i ng s e t  
yi e l d e d D t  val ue s  above 1 7 9 0  wh e n  c ompa r e d  t o  any o t h e r  
c l a s s . 
T r a i n ing d a t a  fo r s ev en mino r s pe c i e s  we r e  
s e l e c t e d  t o  f u r t h e r evalua t e  s pe c i e s  s e pa r ab i l i t y . 
a l s o  
Th e s e  
s p e c i e s i n c l ud ed P inus pa tul a ,  Pinus l am b e r t i ana , Pinus 
mu r i c a t a , P i nus s t robus , Chama e cypa r i s  l aw s o n i ana , La r i x  
� , and Eu c a l ypt s s p . 
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T ran s f o rm ed d i ve rgen c e  val ue s fo r P in u s  patula 
s howe d t ha t  it  wa s n o t  s e pa rab l e  f r om s ev e ra l  s pe c i e s . 
C om pa r i ng P inus pa t u l a  t o  s even of the P i n u s  rad i a t a  c l as s e s  
y i e l d e d  D t  v a l u e s b e l ow 1 7 0 0 . F i ve o f  t h e s e  D t  values  we re 
b e l ow 1 0 0 0  w i th the l owes t val ue equal to 6 3 7 . P inus pa tu l a  
was al s o  s im i l a r  t o  P in us l arnbe r t iana ( Dt = 1 2 6 8 ) and two 
P s e ud o t s uga menz i e s i i  c l as s e s  ( Dt = 1 3 5 4 , 1 4 4 1 ) .  Tw o o the r Dt 
value s f o r Pinus pa tula we re und e r  1 7 0 0 . Th e y  w e r e  fo r 1 5  
y e a r o l d  Pinus c on t o rt a  ( D t = 1 5 5 7 ) and La r i x � ( D t = 1 6 1 4 ) . 
P in u s  l amb e r t i ana was mo s t  s im i l a r  t o  1 0  y e a r o l d  
P inus rad i a t a  w i th 9 0 % c r own c l o s u re no t t h i nn e d  ( Dt = 8 5 1 ) ,  
and P i n u s  p a t u l a  ( Dt = 1 2 8 6 ) .  C ompa r i s o n  o f  P i n u s  l amb e r t i ana 
t o  f i v e  o t he r c l a s s e s  of P inus rad i a t a  and P s e ud o t suga 
menz i e s i i  r e s u l t ed i n  Dt val u e s  l e s s  than 1 7 0 0 . 
P inus mu r i ca t a  d a t a  y i e l d e d  e ight Eval ua t ing 
t r ai ni ng s e t s  w i th Dt values l e s s  than 1 7 0 0  of wh i c h  f o u r  
we re l e s s  t h an 1 0 0 0 . The g rea t e s t  c onfu s i on w a s  wi th t h e  
s pe c i e s  o f  P inus n igra , P inus c on t o r t a , and P inus r ad i a t a . 
The t ra i n ing se t f o r  La r i x  � w a s  m o s t  s imil a r  t o  
2 0  y e a r  o l d  Ps eudo t s uga menz i e s i i  w i t h  9 0 %  c r own c l o s u r e  
( Dt = 6 6 8 ) .  Four o th e r  D t  val ue s we re b e l ow 1 7 0 0  when 
c ompa r ing La r i x  s p . t o  two P inus rad i a t a  c l a s s e s , P i nus 
pa t u 1 a  a n d  on e P s eudo t s uga menz i e s i i  c l a s s . 
P inus s t r o b u s  wa s s pe c t ra l ly s im i l a r  t o  f i v e  s e t s  of 
P s � u d o t s uga menz i e s i i  t r aining d a t a  ( Dt = 9 8 3 , 1 2 4 6 ,  1 4 4 8 ,  
1 6 1 4 , 1 6 4 6 )  an d two se t s  of P inus rad i a t a  d a ta ( Dt = 9 5 2 ,  
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1 2 0 3 ) .  The t r a i n ing d a ta f o r  Eu c a lypt s � w e r e  s pe c t ra l l y 
s im i l a r  t o  two P inus rad i a t a  c l a s s e s  ( Dt = 1 4 3 3 , 1 4 9 6 ) and one 
P i hus pohd e r o s a  c l as s  ( Dt = 1 3 1 4 ) .  Onl y t w o  t ra i n i ng s e t s  o f  
P s e u d o t s uga �enz i e s i i  e xhib i t ed any s pe c t ra l  s im i l a r i t y  t o  
Chamae c ypa r i s  l aw s o n i ana ( D t = 1 1 6 1 ,  1 5 5 1 ) .  F i n al l y , s ev e n  
s e t s  o f  t ra i n i ng d a t a  repre s e nt ing t am e  p a s tu r e , nat i ve 
g ras s e s , b u rned a re a s , and wa t e r we r e  a l s o  evalua t ed . 
Na t i ve g ra s s e s w e re s pe c t r al ly s im i l a r  t o  d a t a  fo r f iv e  
r e p rodu c t i on c l as s e s  f r om c l e a r c u t s  t o  t h r e e  y e a r  o l d  
s t ands . The o the r non-fo r e s t  c l a s s e s  w e re s p e c t r al l y  
d i s t in c t  f r om a l l  o th e r  c l a s s e s  w i t h  a l l  D t  val ue s we l l  
above 1 9 0 0 . 
Tran s f o rmed Divergen c e  
Eval ua t i on C on c lus i o n s  
The analys i s  of t ran s f o rmed d i v e rg e n c e  values  
i nd i c a t e d  that h i gh l e v el s o f  c o r re c t  c l a s s if i c a t i on �e r e  
no t p o s s i b l e w i t h  the 7 0  c l as s f r amewo r k . Wh i l e  s ome 
s pe c i e s  we re s e pa rab l e , a c c u r a t e  d i s c r im i na t i on wi thin and 
b e twe en s pe c i e s  b as ed upon c r own c l o su r e , a g e , and th inn i ng 
wa s un l ik e l y . Th e l ow c l a s s if i c a t i o n  a c c u r a c i e s  of the 
s upe r e rv i s e d  a l go r i t hm s  c an b e  und e r s t o o d  i n  l i gh t  o f  the Dt 
value s o b t a in e d  f r om the f ina l 7 0  c l as s f r amewo rk . A t o t a l  
o f  1 8 8 c l as s p a i r s y i e l ded Dt val ue s b e l ow 1 7 0 0 , a n d  5 �  of 
the s e  we r e  b e l ow 1 0 0 0 .  The s e  l ow v al ue s  i nd i c a t e d the 
l ik e l ih o o d  o f  s pe c t ra l  c onfus ion and mi s c l a s s i f i c a t i o n . 
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T ran s f o rmed d i ve rgen c e  value s i nd i c a t e d t h e  l ik e l y  
s ou r c e  of the l ow ove ral l c l a s s if i c a t i on a c cu r a c i e s ; 
howev e r , t h e  ove ral l c l as s i f i c a t i on r e s u l t s  w e r e  b a s e d  upon 
the 22 c l a s s f r amewo rk o f  the d i g i t i z e d  s pe c i e s  d i s t r i b ut i on 
ma p . The o v e ral l r e s u l t s  d id n o t  a l l ow t h e  e v a l uat i on o f  
r e s u l t s  w i t h i n  ind i v id ua l  t e s t  c om pa r tm en t s . 
Eval ua t i on o f  Ind ivi dual C ompa r tmen t s 
A na l y s i s  o f  c l a s s � f i c a t ion r e s u l t s  w i t h in i nd i v idual 
c ompa r tme n t s was c a r r i ed ou t for AMOEBA a n d  CLASFY on ly . 
Both CLA SFY and M INDST a r e  supe rv i s ed c l a s s i f i c a t i o n s  and 
had s im i l a r ove ral l re s u l t s . F o r  th e s e  r e a s o n s  M IN D ST w a s  
e x c l u d e d  f rom f u r t h e r de t a i l ed eva l ua t i o n . 
C la s s i f i c at i o n r e s u l t s  in e a c h  h omog e n e o u s  t ra i n ing 
and t e s t c ompa r tmen t s  we re e v a l ua t e d by gene r a t ing 
c on t ing en c y  t a b l e s . The s e  tab l e s  s howed th e t o t a l  numb e r of 
p i x e l s i n  e a c h  c ompa r tment and the i r  c l as s i f i c a t i o n . P i x e l s  
c ount s fo r e a c h  o u t p u t  c l as s w i t h i n  a c ompa r tment we re 
c onve r t ed to he c ta r e s  and c ompa r e d  t o  s t o c k  book data . 
F in a l l y , t o  s impl i fy ana l y s i s , t h e  r e s u l t s  f rom a l l 
c ompa r tment s  o f  a r e s o u r c e  c l a s s we re agg r e g a t e d . Thu s  a l l  
t h e  c ompa r t men t s  r e p re s ent ing a s i ngl e  r e s o u r c e  c a t ego ry 
we re e va l uat ed t og e t he r .  Re p o r t e d  re s ul t s ; howe v e r  a r e  
b ia s e d  o n  t h e  l ow s i d e  d u e  t o  mi s r eg i s t r a t i on a n d  the 
i n c lu s i on of r o a d s  and c ompa r tment b ound a r y  a re a s  as  
fo re s t e d  a r e a s  d u r i ng map d ig i t i z a t i on . 
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AMOEBA Re s u l t s  
AM O EBA c l us t e r s  we re a s s igned t h e  l a b e l  o f  the 
re s o u r c e  c a t e g o ry that mad e up the ma j o r i t y of the c lu s t e r . 
Th i s  wa s b as e d  upon the ove ra l l  c la s s if i c a t i on r e s ul t s . 
Howev e r , f o r the evalua t ion o f  ind i v i d u a l  c ompa rtme n t s , the 
re s o u r c e  l ab e l  was fo rg o t t en . Onl y the ma j o r  c l u s t e r  with a 
c ompa r tment wa s d e t e rm ine d . Tab l e  5 i s  a l i s t ing of the 
va r i o u s  r e s o u r c e  c a t e go r i e s  that c on t a i n e d  one or  mo r e  
homog eneo u s  c om pa r t ment s .  A l s o  i nd i c a t e d  i n  the tab l e  a r e  
the t o ta l  n umb e r o f  homogene ous compa r tm en t s i n  the r e s ou r c e  
c l as s , t h e  AMOEBA c l u s t e r  that mad e up t h e  ma j o r i t y  po r t i on 
o f  any one c ompa r tm en t , the pe r c en t  o f  p i x e l s  c l as s if i ed 
i n t o  the AM OEBA c l a s s , and the pe r c ent o f  p i x e l s  c l as s i f i �d 
i n  t h e  c l a s s  b a s e d  upon a l l  the ,c ompa r tm en t s  o f  a pa r t i c u l a r  
r e s ou r c e  c l a s s . 
Th i s  t ab l e  s hows a numb e r  o f  c l u s t e r s we re the ma j o r  
c lu s t e r  f o r s e v e ral d i f fe rent r e s ou r c e  c a t e go r i e s .  Fo r 
e xamp l e , c l u s t e r  2 0  showed up as  the ma j o r  c l us t e r  in 1 2  
d i f f e r en t  r e s ou r c e  c a t e g o r i e s  s pann i ng s i x d if f e r en t  
s pe c i e s , and fo r Pinus rad i a t a , an age range o f  1 0  t o  4 5  
yea r s . O n l y  1 0  c l us t e r s we re foun d  t o  b e  the ma j o r i t y  
c lu s t e r  o f  j us t  one r e s o u r c e c la s s , and o f  t h e s e  1 0 , e ight 
we re f o un d  to be the s e cond ma j o r i n  o th e r r e s o u r c e  
c a t ego ri e s . F i gu r e  1 0  shows a pho t og raph o f  c ompa r tment 5 5 4  
t h a t  c on t a i n e d  1 6 3 he c t a r e s  o f  4 3  y e a r o l d  P inus pond e r o s a . 
Thi s  c ompa r tm en t  had the h i ghe s t  c l as s i f i c a t i on a c c u ra c y  o f  
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TAB LE 5 
EVA LUATION OF AMOEBA C LA S S IF I C ATION I N  
HOMOGENEO U S C OM PARTM EN T S  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Re s o u r c e  N o . o f  La rg e s t AM OEBA P e r c e n t  C lus t e r  
C a t e go ry Pu r e  C l us t e r  and M a j o r i t y  Pe r c e n t  
Cmp rt s . No . o f  Cmp r t s .  i n  e a c h  o f  a l l  
Cmp r t . Cmp rt s .  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PR 4 5 9 0N 5 1 2  I 3 4 6  4 8  5 8  3 4  
1 3  I 1 3 6  1 8  
8 I 1 6 2  3 5  
PR 4 5 5 0T 3 2 0  I 3 3 7  7 1  7 3  6 0  
PR 2 5 9 0N 2 1 3  I 1 6 1  4 9  
2 0  I 1 4 5  2 8  
PR 2 5 7 0N 1 2 0  3 9  3 9  
PR 2 5 7 0T 1 1 3  3 3  3 3  
PR 2 0 90T 3 1 3  I 3 2 6  5 0  6 3  5 0  
PR 1 5 9 0T 2 2 0  I 2 6 3  6 4  6 4  
PR 1 0 9 0N 8 2 0  I 5 2 1  3 5  4 0  3 2  
4 4  5 6  
1 9  I 1 2 6  8 
2 3  I 1 2 7  9 
2 4  I 1 2 6  5 
PR 1 0 90T 1 2 2  3 7  3 7  
PR 1 0 7 0N 1 2 8  2 7  2 7  
PR 1 0 2 5N 1 2 0  3 1  3 1  
PR 0 7 9 0 N  1 2 2  2 8  2 8  
PR 0 5 7 0N 3 2 4  I 2 2 1  2 8  2 2  
3 5  I 1 2 6  1 7  
PR 0 5 4 0N 1 2 8  4 1  4 1  
PR 0 5 3 0N 1 2 2  2 9  2 9  
PR 0 5 1 5N 1 3 5  5 4  5 4  
PR 0 3 2 5N 1 3 7  5 4  5 4  
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TABLE 5 
EVA LUATION OF AMOEBA C LA S S I F I C A T I O N  I N  
HOM OGEN EOU S  C OM PARTMENT S ( cont inued ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C at . No .  C l u s t . INo . % M a j o r i t y % of A l l  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
P R 0 3 1 5N 1 3 2  2 7  2 7  
PR 0 2 0 9N 2 3 4  I 2 3 4  4 6  3 9  
PR 0 1 0 9N 6 3 8  I 4 3 8  4 2  6 2  3 6  
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3 7  I 1 5 1  2 1  
3 2  I 1 5 4  1 9  
PR 0 0 0 9N 2 3 8  I 2 4 7  9 1  7 3  
M Z 5 5 9 0 T  3 2 7  I 2 2 9  3 6  3 3  
3 0  I 1 3 5  2 9  
M Z 5 5 9 0N 2 3 0  I 1 4 3  3 3  
2 0  I 1 2 3  9 
M Z 5 5 8 0T 2 2 7  I 1 4 0  2 7  
3 0  I 1 4 2  3 2  
M Z 4 5 8 0N 2 2 7  I 1 3 8  3 1  
3 0  I 1 2 5  2 1  
M Z 2 0 9 0 N  2 4 1  I 1 5 8  2 1  
2 3  I 1 2 0  1 3  
M Z 1 0  2 4 1  I 2 2 1  3 6  2 9  
M Z 0 7 7 0  1 3 3  3 0  3 0  
M Z 0 5  2 4 1  I 2 2 2  2 9  2 4  
M Z 0 2 0 9  1 2 2  3 4  3 4  
M Z 0 1 0 9  1 3 7  b 2  8 2  
M Z 0 0 0 9  1 3 8  4 2  4 2  
POND 5 0  4 1 5  I 2 3 9  4 6  3 6  
1 6  I 1 3 0  1 9  
2 0  I 1 4 1  1 1  
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TA BLE 5 
EVA LU ATI ON OF AMOEBA C LA S S IF IC A T I O N  IN 
HOM OGENEOU S  C OM PARTMENTS ( c on t i nu e d ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C at . No . C lus t . INo . % M a j o r i t y % of A l l  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
POND 4 0B 1 3  1 0  I 5 2 �  3 9 " 4 1  2 1  
4 6  5 1  
1 1  I 8 3 7  4 3  5 8  5 1  
6 4  6 6  6 9  
7 0  7 1  
POND 4 0 P 8 1 5  I 8 4 5  5 9  5 9  6 5  
6 8  7 1  7 2  
7 3  7 7  
POND 3 0  2 1 1  I 2 5 1  5 8  5 5  
PNGA 6 0  3 1 1  I 1 3 6  1 8  
1 5  I 1 4 2  3 0  
2 0  I 1 3 4  1 2  
PNGA 4 5  1 2  8 I 5 2 3  3 2  3 9  2 3  
4 8  6 2  
1 4  I 5 3 4  3 8  4 6  2 8  
4 6  4 7  
9 I 2 4 8  7 2  9 
PNGA 3 5  1 1 4  4 0  4 0  
PCTA 4 5  2 6 I 1 6 3  3 0  
8 I 1 3 5  1 8  
PCTA 4 0  6 7 I 2 4 3  5 7  1 5  
6 I 1 5 4  1 1  
8 I 1 3 3  1 9  
1 1  I 1 3 8  2 0  
1 4  I 1 3 4  1 4  
PCTA 3 5  3 6 I 3 6 2  6 8  6 8  6 6  
P CTA 3 0  1 8 6 3  6 3  
P STB 4 3 0  I 2 4 9  5 1  3 9 
2 7  I 1 4 2  2 3  
2 6  I 1 3 1  2 2  
PMUR 2 8 I 1 5 7  3 6  
1 2  I 1 3 7  2 3  
LRCH 1 2 0  3 5  3 5  
P PAT 1 2 0  6 7  6 7  
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F i g . 1 0 o FCC of Compa r tment 5 5 4  
al l the homog eneous c ompa r tment s .  Figu r e  1 0  i s  a f a l s e  
c o l o r c ompo s i t e  of t h e  Land s at d a t a , a n d  F i g u r e  1 1  i s  a 
c o l o r  c o d in g  or the AM OEB A c l a s s if i c at i o n  r e s u l t s . 
C ompa r tment 5 5 4  had 7 7 %  or i t s  a r e a  c l as s i r i e d i n t o  c l us t e r  
1 5 . 
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F i g . 1 1 . C o l o r  C o d ing of AMOEBA Re s u l t s i n  C om p a r tment 5 5 4 . 
G re e n  i s  c lu s t e r 1 5 , and b lue i s  c lu s t e r  1 3 . 
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F i gure 1 2  shows a pho t og raph o f  c ompa r tment 1 8 1  t h a t  
c on t a i n e d  1 2 9  he c ta r e s  o f  f iv e  y e a r  o l d  P i n u s  r ad i a t a  w i t h  
7 0 %  c ro wn c l o s u re . Thi s  c ompa rtment h a d  t h e  l owe s t  
c l as s i f i c at i o n  a c c u r ac y . Twent y · o n e  pe r c en t  o f  the 
c ompa r tment wa s c l as s i f i e d  int o c lu s t e r  2 4  wh i l e  2 0 % was 
c l as s i f i e d  int o c lu s t e r  3 5 . F i gu re 13 s h o w s  c l a s s i f i c at i o n  
re sul t s . 
F i g . 1 2 . FC C  of C ompa r tm en t  1 8 1 
F i g . 1 3 . C o l o r Cod ing of AMOEBA R e s u l t s  i n  C ompa r tment 1 8 1 . 
Blue i s  c l u s t e r 2 4 , and g reen i s  c l us t e r  3 5 . 
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C LA S FY Re s u l t s  
Unl ik e  AM OEBA , i n  wh i ch r e su l t ing o u t pu t  c l as s e s  
c ou l d  b e  g iv en any l ab e l , the outpu t  c l a s s e s f rom C LA SFY had 
p red e t e rm i n e d  l a b el s . Tab l e  6 l i s t s  the c l a s s e s  c on taining 
homog e n e o u s  c ompa r tm en t s , the pe rc ent of t h e i r  a r e a  that was 
c l as s i f i e d  into the c o r re c t  c a tego ry , the c l a s s  t h a t  c aus e d  
the mo s t  mi s c la s s i f i c a t i on a n d  i t s  p e r c en t , and the mo s t  
c onfu s e d  s pe c i e s . 
E x am in a t io n  o f  t h i s  t ab l e  shows t h e  fu t i l i t y  t o  
a t t empt d e ta i l ed d i s c r imina t ion o f  fo r e s t f e a t u r e s  wi t h i n  
t h e  Kaingar o a  S t a t e  Fo r e s t  us ing supe r v i s e d  c l a s s i f i c a t i o n 
o f  Land s at M S S  d a t a . Even c ompa r tment s u s e d as  t raining 
s e t s  we re not c o r r e c t l y  c l a s s i f i e d a t  a c c e p t a b l e  level s . 
C l a s s i f i c a t i on a c cu ra c i e s  o f  c ompa r tm en t s  u s e d  fo r t raining 
s e t s  rang e d  f r om 1 8 % to 7 6 % . 
The s e  a na l y s e s  o f  homogene o u s  c ompa r tm en t s  r e info r c e  
t h e  c on c l u s i on r e a c he d  th rough ana l y s e s  of t ran s f o rmed 
d i v e rg e n c e  v a l ue s . A c c u r a t e d i s c rimina t i on w i thin and 
b e twe e n  s pe c i e s  b a s e d  upon age , c r own c l o s u re , and th inning 
us i ng supe r v i s e d  o r  un supe rv i s e d  c l a s s i f i c a t i on of Lan d s a t  
M S S  d a t a  i s  unl ik e l y .  
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TA B LE 6 
EVA LUAT ION OF CLA SFY C LA S S IF IC AT I ON I N  
HOMO GENEOU S  C OM PARTM ENT S 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
R e s ou r c e  N o . o f  
C at e g o r y  Pu re 
Cmp r t s . 
* = t = 
Del e t e d Train . 
C a t ego r y  Cmp rt . 
% of A rea Mo s t  C onfu s ed 
C l as s ifd . C l a s s /  
C o r re c t l y  % of A re a  
Mo s t  
C onf u s e d  
Spe c i e s  o r  
N e x t Mo s t  
C onfus ed 
C l a s s I % 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
P R � 5 9 0N 5 1 9  PR 2 5 9 0N / l 9 PMUR/ 1 2  
P R � 5 5 0T 3 1 �  PR 2 0 9 0N / 1 4  P PAT/ 1 4  
PR 2 5 9 0N 2 6 PR 2 0 9 0 T/ 2 3 P C TA 1 5 / 1 8  
PR 2 5 7 0N l t  1 8  PR 2 0 9 0N / 1 4  P C TA 1 5 / 1 0  
PR 2 5 7 0T *  1 · o PR 4 5 5 0T/ 1 3  P C TA 1 5 / 1 3 
PR 2 0 9 0T 3 2 0  P C TA 1 5 / 1 7 P R 2 0 9 0N / 1 0  
PR 1 5 9 0T 2 1 2  PR 2 0 9 0N / 2 4 P PAT/ 1 0  
PR 1 0 9 0N 8 1 0  P PA T / 1 1  PR 0 7 9 0N / 1 1 
PR 1 0 9 0T l t  2 3  PR 0 7 9 0N / � 2  M Z 0 3 3 0 / 1 2 
PR 1 0 7 0N l t  4 5  P C TA 5 / 1 7 PR 1 0 9 0T/ 1 2  
PR 1 0 2 5N *  1 0 PR 0 7 9 0N /2 8  P P AT/ 1 3  
PR 0 7 9 0N l t  5 0  PR 1 0 9 0T / 2 3  M Z 0 2 0 9/ 5 
PR 0 5 7 0N 3 1 6  PR 1 0 7 0N / 2 5  PCTA 5 / 1 2  
PR 0 5 4 0N * 1 0 P C TA 5 / 3 0  PR 1 0 7 0N / 1 5 
PR 0 5 3 0N * 1 0 M Z 0 2 0 9 / 3 0  PR 0 7 9 0N / 3 0 
PR 0 5 1 5N * 1 0 M Z 0 3 3 0 / 3 1 M Z 0 5 5 0 /2 8  
PR 0 3 2 5N *  1 0 PR 1 0 1 9N /2 6  M Z 0 1 0 9 / 1 8  
PR 0 3 1 5N 1 t  2 6  PR 0 2 0 9N / 1 4 GRAS / 1 2  
PR 02 0 9N 2 3 7  PR 0 3 1 5N / 1 5 M Z 0 3 3 0 / 9 
PR 0 1 0 9N 6 2 2  C LC T / 2 7  M Z 0 0 0 9 / 1 0 
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TABLE 6 
EVA LUAT ION OF C LA SF Y  C LA S S I F I C A T I ON IN 
HOM O GENEOUS C OM PARTMEN T S  ( c o n t i nu e d ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C a t . No .  % /C o r r e c t  C onfu s e d  C l a s s / %  N e x t / %  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
P R 0 0 0 9  2 2 3  C LCT/ 5 1  M Z 0 0 0 9/ 1 1  
MZ 5 5 9 0T *  3 0 P STB / 2 2  M Z 4 5 8 0N / 1 5  
MZ 5 5 9 0 N  2 3 M Z 4 5 8 0N / 1 8 P STB / 1 2  
M Z 5 5 8 0 T  2 2 0  P STB / 2 1 M Z 2 0 9 0 / 1 4 
M Z 4 5 8 0N 2 1 6  M Z 2 0 9 0 / 1 7 P STB/ 1 2  
M Z 2 0 9 0 2 2 2  M Z 1 0 9 0 / 1 2 LRCH/ 5 
M Z 1 0  2 3 8  MZ 2 0 8 0N / 1 7 C HLW/ 4 
M Z 0 7 7 0  1 t  3 2  M Z 0 3 3 0 / 2 6 P C TA 5 / 1 7 
M Z 0 5  2 1 MZ 1 0 9 0 / 3 9 CHLW/ 1 2  
M Z 0 2 0 9  1 t  5 3  MZ 0 3 3 0 / 1 9 PR 0 2 0 9N /  7 
MZ 0 1 0 9  l t  4 0  PR 0 1 0 9N / 3 2  PR 0 2 0 9N / 1 4 
M Z 0 0 0 9  l t  3 6  C LC T / 2 6  PR 0 1 0 9N /  9 
POND 5 0  4 4 5  POND 4 0 P / 1 3 EUC A/ 1 2  
POND 4 0B 1 3  6 4  EUC A / 1 1  P OND 4 0 P /  8 
POND 4 0 P  8 5 7  POND 5 0 / 1 2  PNGA 3 5 / 9 
POND 3 0 *  2 0 POND 4 0B / 6 6  EUCA/ 1 4  
PNGA 60 * 3 0 PON D 4 0 P / 2 4 P ON D 4 0B/ 1 4  
PNGA 4 5 * 1 2 0 PCTA 4 5 / 2 6  PNGA 3 5 / 2 5 
PNGA 3 5  l t  4 3  P C TA 4 5 / 1 4 PR 5 0 5 0N / 1 0  
P C TA 4 5  2 6 6  PM UR/ 1 3  PCTA 3 0 /  8 
P C TA 4 0 *  6 0 P C TA 4 5 / 2 8  PNGA 3 5 / 1 5 
P c rrA 3 5 *  3 0 P C TA 3 0 / 5 3  PMUR/ 7 
TA BLE 6 
EVA LUAT I ON OF C LA SFY C LA S S IF IC A T I ON I N  
HOM OG ENEO U S  C OM PARTMENT S ( c o n t i nu e d ) 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C a t . N o . % /Co r r ec t C on fu s e d  C l a s s / %  N e x t/ % 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - -
P C TA 3 0  l t  7 6  PR 4 5 9 0N / 1 9 PM UR/ 1 4  
P STB 4 4 2  PR 5 0 5 0T/ 1 4  M Z 4 5 t} ON / 1 3 
PMUR 2 2 4  PR 5 0 9 0 N / 1 3 PR 2 5 9 0N/ l l  
LRC H  l t  3 2  M Z 2 0 9 0 / 2 5 PR 4 5 5 0T/ 9 
P PAT l t 4 3  PR 4 5 5 0T/ 1 7 PR 2 0 9 0N / 1 0  
VI . S UMMARY , C ONC LU S ION S ,  REC OMM EN DAT I O N S  
Summary 
Th i s  s t udy is an a t t empt to eva l ua t e  the s e n s i t i v i t y  
o f  Land s a t  M S S  d ig i ta l  d a t a  t o  v a r i a t i on s  o f  s p e c i e s , age , 
c r own c l o su re , and thinn ing t rea tmen t s w i t h i n  the l a rge 
Ka inga r o a  S t a t e  Fo re s t  p l an ta t i o n  o f  N e w  Z e a l and . 
Supe rv i s e d  and un s upe rv i s ed c l as s i f i c a t i o n s chem e s  w e re 
emp l o yed i n  th i s  effo rt . _ 
T ra i n ing s e t s  we re s e l e c t e d  f o r 7 1  fo r e s t and s even 
non-fo r e s t  l and c ov e r  c a t ego r i e s . Som e  o f  the t ra i ni ng s e t s  
we re c l us t e r e d  b y  t h e  I S OC LS al g o r i thm . The c lu s t e r i ng 
r e s u l t e d  i n  a t o ta l  of 1 7 9  sp e c t ra l  c l a s s e s . Th e s pe c t r al 
s e p a r ab i l i t y  of t h e s e  c l a s s e s  wa s e v a l ua t e d  b y  c a l c u l at ing 
t ran s f o rmed d i ver genc e .  The t rans f o rmed d i v e rg e n c e  val u e s  
s e rved t w o  p u r p o s e s . The f i r s t  was t o  e l im i na t e  re dundan t 
t ra in ing s e t s  p r i o r  t o  c l as s i f i c a t i on , an d the s e c ond t o  
a s s e s s  t h e  s pe c t ra l  s e pa rab i l i t y  o f  the t ra i n i ng data f o r 
the v a r i o u s  l an d  c ov e r  c a t e go r i e s . 
Th r o ugh evaluat ion of t rans fo rm e d  d i v e rgen ce t o  
e l imina t e r e d un d ant t raining s t a t i s t i c s , t h e  1 7 9 s p e c t ra l  
c l a s s e s  r e p r e s e n t i ng 7 8  re s o urc e c a t ego r i e s  we re re d u c e d t o  
7 0  s pe c t ral c l a s s e s  re p r e s e nt i ng 5 6  re s ou r c e  c a t ego r i e s  ( 4 9 
f o r e s t  c l a s s e s  and 7 non-fo r e s t  c l as s e s ) .  Th e s e  t ra i n ing 
c l a s s e s  we r e  u s ed t o  t rain the s upe r v i s e d  c l a s s i f i c a t i on 
a l g o r i thm s . C LA SFY was the max imum l ike l iho o d  a l g o r i t hm and 
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M INDST t h e  minimum d i s t an c e  t o  the mean a l g o r i thm . 
a s pa t i al , s pe c t r al c lu s t e r ing a l g o r i t hm 
AMOEBA , 
was the 
un s u pe r v i s e d  c l a s s i f i e r . 
Ou t p u t  f rom each c l a s s i f i c a t i on was c ompa r e d  t o  a 
d i g i t i z e d s pe c i e s  d i s t r ib u t i on map that c o v e r s the en t i r e 
fo re s t  p lant a t ion . Thi s  a l lowed the pe r c e n t  o f  c o r r e c t 
c l as s i f i c a t i on t o  b e  d e t e rmined a s  we l l  a s  e r r o r s  o f  
omi s s i on and c ommi s s i on .  
Final l y , t o  a s s e s s  the c l as s i f i c a t i on o u t pu t s  on the 
b a s i s  o f  s pe c i e s , age , c r own c l o s u r e , and t h i nn i ng , 1 2 9 
homog eneous c ompa r tmen t s  we re evaluat ed i nd i v id ua l l y . The 
c l as s i f i c a t i on r e su l t s  wi th in each c ompa r tment we r e  c ompa r ed 
to N ew Z ea l and Fore s t  Se r v i c e  supp l i e d  d a t a  on s p e c i e s , ag � , 
a r ea , c r own c l o su re , and th inni ng . The p e r c en t  o f  p i x e l s  
c o r re c t l y  c l as s i f i e d  wi thin e a c h  c ompa rtment w a s  d e t e rmined 
a s  well a s  the l and cover c a t ego ry c au s ing the mo s t  
mi s c l a s s i f i c a t i on . 
C l a s s i f i c a t ion r e s u l t s a c ro s s  the ent i r e fo re s t  
s h owed AMOEBA t o  g i ve the b e s t  r e s u l t s  w i t h  5 0 . 6 %  c o r re c t  
c l as s i f i c a t i on fo l l owed b y  C LA SF Y  w i t h  3 0 . 2 % and M I NDST w i th 
2 7 . 1 % .  
that : 
Spe c t ra l  t ra i ning c l as s  s e pa ra b i l i t y  anal y s i s  showe d 
1 )  Whi l e  d i s c rimina t i on b e twe en c e r ta i n  s pe c i e s  
wa s po s s i b l e , n o  s pe c i e s  was f o un d  t o  b e  t o t a l l y  
un i q ue ; 
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s i ng l e  s pe c i e s  ( Le v e l  I V ) c o u l d  some t im e s  b e  d e t e c t ed . 
I n  t h i s s tu d y , f o r  e x amp l e , c ompa r tm en t s  o f  P i nus 
pon d e r o s a  p re v i o u s l y  i nf e c t e d  w i t h  a n e e d l e  ki l l ing f ungus 
we re s e pa ra b l e  f r om c ompa r tmen t s  that we r e  n o t infe c t e d . 
Th i s  e x am pl e , p r ob ab l y  the mo s t  d e t a i l e d  f i nd , wa s 
d i s c ov e r e d  qu i t e  b y  a c c i d e n t . I t  s hows t ha t  c a reful 
s c ru t i ny o f  M S S  data may t u rn up info rma t i �n o f  s u r p r i s i ng 
d e t a i l . The m e thod of ana l y s i s ; howev e r  c an i n f l ue n c e  t h e  
a c c u ra c y  of c l as s i f i c a t i ons . 
The un s up e rv i s e d  c l as s i f i c at i on p r o d u c e d  h ighe r 
c l a s s i f i c a t i o n  a c c u ra c i e s  t han the s u p e rv i s e d approache s . 
Th e l owe r a c cu r a c ie s of the s u pe rv i s e d  a l go r i t hm s  i n  t h i s  
c a s e  may h a v e  b e e n  r e l at e d  t o  d e c i s i o n s  o f  t h e  ana l ys � . 
Seve ral s pe c t ra l ly ind i s t i nc t t ra i n ing c l a s s e s  p r obab l y  
sho u l d  no t hav e  b e e n i n p u t  t o  the s u p e rv i s e d a l go r i thms . 
A l s o  t o  b e  c on s i d e re d , tho ugh , i s  the k i nd t h e  info rmat i on 
anal yz e d  b y  the c l as s i f i c at i on a l g o r i t hms . The supe rv i s e d 
algo r i t hm s , C LA S FY and M INDST , u s e  only s p e c t ra l  i nf o rma t i on 
t o  make a c la s s i f i c a t i on d e c i s i on . 
as s o c i a t i on 
AMOEB A , t h e  un supe rv i s e d  
a s  we l l  a s  s pe c t ral algo r i t hm , u s e s  s pa t i a l  
info rmat i o n  t o  make a c l a s s i f i c a t i on d e c i s ion . The 
ad d i t i onal s pa t i a l  info rma t i on may have c on t r i b u t e d to the 
h i gh e r  c l as s i f i c at i on ac c u ra c i e s  d e l ive r e d  by AMOEBA . 
F i n a l l y , the high e s t ov e ra l l  c l a s s i f i c at i on a c cura c y  
of 5 0 . 6 % i s  t o o  l ow t o  p ro v i de u s e fu l  info rma t i on t o  f o r e s t 
manage r s . I t  i s  l owe r than r e s ul t s  r e p o r t e d  by o th e r  
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inve s t ig a t o r s  ( Se e  Cha p t e r  I .  f o r  L i t e r at u r e  Review ) .  
Howe v e r , n o  a t t empt · wa s made t o  imp r o v e  r e s u l t s . The low 
a c cu ra c y s hows that indeed s ome s p e c i e s  a re s pe c t ra l l y  
s imil a r . I t  al s o  sugg e s t s  t h a t  the c l as s i f i c a t i on f r amewo rk 
is too d e t a i l e d . The i n c l u s i on o f  num e r o u s  m ino r s pe c i e s  
and r e p r oduc t i on c la s s e s  c ome t o  m i nd . A l s o , t h e  i nad equa c y  
o f  the s pe c i e s  d i s t r ib u t i on m a p  mus t b e  c on s i d e r e d . Stand s 
o f  Pi nus rad i a t a  f r om z e r o to 3 4  y e a r s  of age a re g roupe d 
int o one map c l a s s . The s ame i s  t rue fo r P s e udot s uga 
menz i e s i i . The r e p r odu c t ion c l as s e s  s h o u l d  b e  k e p t  s e pa ra t e  
f r o m  t h e  ma tu r e  c l as s e s . Th e s e  a d j us tmen t s  wo u l d  b e  the 
f i r s t  s t e ps t oward imp r o v i ng c l a s s i f i c at i o n  a c c u ra c i e s  in 
this s tu d y  a r ea . 
Re c ommend a t i on s  
Th r o ugho u t  t h e  wo r l d , f o re s t  p l a n t a t i on s  w i l l  p l ay 
an ev e r  i n c r e a s ing rol e in the p ro du c t i o n  o f  w o o d  p rodu c t s . 
C on t inued re s e a r c h  int o the app l i c at i on s  o f  s a t e l l i t e  remot e 
s e ns ing t o  p l an t a t i on s i tuat i on s  i s  n e e d ed . The r efo r e , 
f u r t h e r s t udy b y  New Z e a l an d  inve s t ig a t o r s  i s  r e c ommended . 
D i r e c t  a c c e s s  t o  the Kaingaroa S t a t e  Fo r e s t  and h i s t o r i c al 
re c o rd s , and fam i l i a r i t y  w i t h  the s i t e  w o u l d  i n c r e a s e  the 
l i ke l i h o o d  f un c ov e r i ng a d d i t ional info rma t i o n . If a 
c l as s i f i c at i o n  i s  a t t empt e d  agai n , a l e s s  d e t a i l e d  
c l as s i f i c a t i on f r amewo rk should b e  u s e d  a n d  the r e p roduc t i on 
c l a s s e s  s ho u l d  be s t rat i f i e d ( g ro up e d ) t o g e t h e r .  
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The l aun c h i ng o f  the mo s t  r e c en t  g en e rat i o n  o f  
Land s a t  s at e l l i t e s  h a s  he ral ded a new age i n  remo t e  s en s ing . 
Th e l a t e s t  Land s a t  s a t e l l i t e s  c a r r y a new s c anne r c a l l ed the 
Th emat i c  Mapp e r  ( TM ) in a d d i t ion t o  t h e  M S S . The TM s c ann e r 
h a s  g re a t e r  s pa t ial r e s o lut i on ( 3 0 met e r s ) and mo r e  ( 7 )  
s pe c t ra l  c hann e l s . F ranc e i s  going t o  l aunc h  a s a t e l l i t e  
c a l l e d S POT w i t h  even g r e a t e r  re s o l u t i on ( l O rn ) and t h e  
c apab i l i t y  t o  p ro du c e  s t e re o  imag e s  ( th r e e d imen s i onal ) . 
Japan a l s o i s  p l ann ing i t s  own s a t e l l i t e  r em o t e  s e n s ing 
s y s t e m . The s e  advan c e d  s y s t ems need to be e va l ua t ed fo r 
t h e i r  c a pa b i l i t y  t o  p r oduce d e t a i l ed f o re s t  inven t o ry 
i nfo rma t i on . The Ka ingaroa S t a t e  F o r e s t  o f  N e w  Z e a l and i s  
a n  e x c e l l en t  s t u d y  s i t e  fo r the s e  eva l ua t i o n s . 
Re s e a r c h  i s  a l s o  n e e d ed t o  d e v e l o p  c ompu t e r  
c l a s s if i c at i on algo r i thm s  tha t wi l l  i n c o r p o r a t e  n o t  only 
s pe c t ra l  inf o rma t i on and s pa t i a l  a s s o c i a t i on , but  t e x t u r e , 
s hape , and s i z e  as w e l l . W i t h  th e s e  d ev e l o pment s ,  c ompu t e r  
c l a s s i f i c at i on s  woul d  b e g in t o  m im i c  t h e  t e c hn i q u e s u s e d  by 
human i nt e r p r e t e r s . 
F in a l l y , g e o g raph e r s  s hould ava i l t h e ms e l ves o f  
r emo t e  s en s i ng t e c hn o l ogy when l a rg e  s pa t i a l  d i s t r i b ut i on s  
n e e d  t o  b e  inv e s t ig a t e d. . The y  s ho u l d a l s o c on t i nue r e s e a r c h  
i n t o  i t s  a p p l i c a t i o n s . Remo t e  s en s ing i s  a u s e fu l  t o o l  that 
c an p r ov i d e  a wealth o f  info rmat i o n  f o r t h e  anal y s i s  of 
s p a t i al phe nomena . 
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A P PEND I X  1 
Re s ou r c e  c l a s s e s  
d i s t r ib u t i o n  map s . 
d i g i t i z e d  f r om the s pe c i e s  
PRB 4 1 N  
PRA 4 1T 
P RA 4 1 N  
PRA 4 1T 
MZB 4 1 N  
MZ B 4 1T 
M Z A 4 1  






P P A T  
CHLW 
LR C H  
EU C A  
M I XT 
LABEL DE SC R I PT I O N 
P inus rad i at a , p r e - 1 9 4 1 ,  no t t h i n n e d  
Pinus r ad i at a , p r e - 1 9 4 1 , t h i nn i e d  
P inus r ad ia t a , 1 9 4 1  t o  1 9 7 4 , n o t  th inned 
Pinus rad ia t a , 1 9 4 1  to 1 9 7 4 , t h i nn e d  
P s eu d o t s uga men z i e s i i , p r e - 1 9 4 1 ,  n o t  th inned 
Ps e udo t s uga men z i e s i i , p r e - 1 9 4 1 , t h i nned 
P s e u d o t s uga rnen z i e s i i , 1 9 4 1  to 1 9 7 4  
P in u s  pond e r o s a , a l l  
P inus nigra , al l 
P inus conto r t a , a l l  
P in u s  l ambe r t i ana , a l l  
Pinus s t robus , al l 
P i nus mu r i c a t a , a l l  
P inus patu l a , a l l  
Chamae cypa r i s  l aw s o n i ana , a l l 
La r i x  s p . ,  a l l  
Eu c al yp t u s  s p . ,  al l 
M i x tu r e s  
A P PEND I X  1 
( c on t inued ) 
LABEL DE SCR I PT I ON 
OTHR O t he r s pe c i e s  
C LCT C l e a r  cut s 
BURN Bu rned a r ea s  
GRA S  G ras s e s  
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A P PEND I X  2 
C l a s s if i c a t i on F ramewo rk 
No t e : 
A s h o r thand c l as s l ab e l  i s  u s ed t o  i nd i c a t e  c l a s s  
chara c t e r i s t i c s  and h a s  t h e  f o l l owing f o rm : 
PR 2 5 7 0NC 3 
s p e c i e s / ag e / c r own c l o s u re / th i nned ? / c lu s t e r e d ? / #  o f  c l us t e r s 
PR 2 5  7 0  N c 3 
Th i s  ind i c at e s  a Pinus rad ia t a  c l a s s , 2 5  y e a r s  o l d , 
7 0 %  c ro wn c l o su r e , n o t  th inne d , the t r a i n ing c l a s s wa s 
c l us t e r e d , and t h r e e  c l u s t e r s  we re fo rmed . 
M i s s i ng e l ement s o f  
charac t e r i s t i c  was unknown . 
the l a b e l · 
C l a s s lab e l  key 
S pe c i e s : 
PR = P inus rad i a t a  
MZ = P s e udo t s uga menz i e s i i  
POND = P inus pond e r o s a  
PNGA = P i nus n ig ra 
P CTA = Pinus c on t o r t a  
P STB = P i n us s t r o b u s  
PMUR = P inus mur i c a t a  
P PAT = P inus pat u l a  
P LMB = P i n us l amb e rt i ana 
i nd i c a t e  the 
A g e : 
A P PEND I X  2 
( co n t inue d ) 
C HLW = Chamae c ypa r i s  l aw s o n i an a  
LRC H  = La r i x  � · ( al l  s pe c i e s ) 
EU C A  = Eu c a lypt u s  � ·  
0 0  = l e s s  t han 1 y ea r  o l d 
0 1  = 1 y e a r . o l d 
e t c . 
C rown c l o s u r e : 
9 0  = 8 0 %  to  1 0 0 % c r own c l o s u r e  
8 0  = 8 0 %  ( M Z onl y ) 
7 0 = 6 5 %  to  7 5 % 
5 0  = 4 0 % t o  6 0 % 
3 0  = 3 0 %  
1 0  = 1 0 %  to 1 5 %  
0 9  = l e s s  t h an 1 0 % 
Th inning : 
T = th i nn i e d  
N = no t t h i nned 
C l us t e r i ng : 
9 0  
A " C ' ne a r  t h e  e nd o f  t h e  c l a s s l ab e l  ind i c a t e s  t h e  
t rai ning s e t  wa s c lu s t e r e d , and t h e  numb e r  f o l l owing the " C " 
in d i c at e s  the numb e r  of c l us t e r s  p ro d u c e d . 
N o t e : 
A P PEND I X  2 
( cont inu e d ) 
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C las s e s  p r e c e e d e d  b y  an " * " i nd i c a t e t h a t  t raining 
s ta t i s t i c s  we r e  gene r a t e d  and evaluat e d  f o r the c l as s , b ut 
the c la s s wa s l a t e r del e t ed and not i n c l u d e d  i n  the F INAL 
c l as s if i c at i on f ramewo r k . The c l a s s  wa s d e l e t ed due to 
s p e c t ra l  s im i l a r i t y  w i t h  a s imi l a r  r e s o ur c e  c l a s s . 
PR 0 0 0 9NC 7 
PR 0 3 1 0NC 4 
PR 1 0 9 0N 
* PR 1 5 9 0TC 1 
PR 2 5 7 0N 
* PR 4 0 9 0N 
* PR 4 5 9 0 N C 1 
* PR 5 0 7 0NC 1  
MZ 0 0 0 9C 6 
M Z 0 5 5 0  
M Z 2 0 9 0C 3  
M Z 5 5 � 0T 
P in us rad i at a  c l a s s e s  
PR 0 1 0 9NC 1 0  
PR 0 5 7 0N 
PR 1 0 9 0T 
PR 2 0 90NC 8 
*PR 2 5 9 0 N  
*PR 4 5 50T 
PR 5 0 5 0NC 2 
PR 5 0 9 0NC 5 
*PR 0 2 0 9N 
PR 0 7 9 0N C 6 
* PR 1 5 7 0 T  
PR 2 0 9 0TC 3 
*PR 2 5 9 0 TC 5 
PR 4 5 5 0TC 4  
PR 5 0 5 0TC 2 
P s e udo t s uga menz i e s i i  c l as s e s  
MZ 0 1 0 9  
M Z 1 0 7 0  
M Z 3 0  
M Z 5 5 9 0NC 4 
M Z 0 2 0 9  
M Z 1 0 9 0 
M Z 4 5 7 0TC 6 
*MZ 5 5 9 0T 
PR 0 2 0 9NC 7 
PR 1 0 7 0N 
PR 1 5 9 0T 
*PR 2 5 7 0T 
PR 2 5 9 0NC 5 
PR 4 5 9 0N 
* PR 50 7 0TC 3 
M Z 0 3 3 0C 1 0  
M Z 2 0 8 0  
M Z 4 5 8 0NC 3 
* P O ND 3 0  
* P O ND 4 0 P 2 
A P PENDI X 2 
( c o n t i nue d ) 
P i n u s  po n d e ro s a  c l a s s e s  
* P O ND 4 0 B l  
* PO ND 4 0 B 3 
P O ND 4 0 P l 
P O ND 5 0  
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P O ND 4 0 B 2  
- S ev e r a l  t ra i n i ng a r e a s  o f  4 0  y e a r  o l d P i n u s  
po nd e ro s a  we r e  s e l e c t e d  b e c a u s e o f  s pe c t r a l  va r i a t i o n  
o b s e rv ed t h ro ug ho ut t h e  pl an t a t io n . B = b r o wn , P = p i nk . 
P N G A  35 
* PN G A 6 0  
P C TA 5  
* P C TA 4 0  
P S TB 
C HLW 
P i n u s n ig ra c l a s s e s  
* PNGA 4 0  * P N G A 4 5  
P i n u s  c o nto r ta c l a s s e s  
P C TA 1 5  
P C TA 4 5  
P C TA 30 
O t h e r  s pe c i e s  
PM UR 
LR C H  
P P A T  
E UC A 
P N GA 5 0  
* P C TA 35 
PLMB 
A P PENDI X 2 
( co n t i nued ) 
N on -fo r e s t  c l a s s e s  
C LC TC 1 2  ( c l e a r c u t s ) 
WATR 2 ( da rk wat e r ) ! 
WATR l ( b l ue w a t e r )  ! 
P A S T  ( t ame p a s t u r e ) 
GRA S l ( b rown na t i v e  g ras s e s ) ! 
GRA S 2  ( pi nk n a t ive g r as s e s ) 
BRNDC 4 ( b urned a r e a s ) 
- C o l o r s  refe r t o  v i s ua l  app e a ran c e  o n  FC C . 
9 3  
9 4  
A P PEND I X  3 
Th e f o l l ow i ng i s  a l i s t ing o f  t h e  f in a l  7 0  t ra i n i ng 
c l as s e s . E a c h  c l a s s  w i th a t r ansf o rm e d  d i v e r g en c e  ( D t )  
va l ue l e s s  than 1 7 0 0  and the f i r s t  c l a s s · a b o v e  1 7 0 0  i s  
in d i c at e d . 
C LA S S 
C LCTC 1 :  
C LCTC 2 : 
C LCTC 3 : 
C LC TC 4 : 
PR O O O  9NC 1 :  
PR 0 0 0 9NC 2 :  
PR 0 0 0 9NC 3 :  
CONF U S I O N  C LA S S/Dt 
C LC TC 3 / 1 5 8 2 PR 0 1 0 9NC l / 1 6 0 8  
MZ 0 1 0 9 / 1 7 1 2  
PR 0 0 0 9NC 2 /  9 6 8 PR 0 0 0 9NC l / 1 2 8 1 
C LCTC 4 / 1 6 5 5  C LC TC 3/ 1 7 4 1  
M Z 0 0 0 9C 2 / 8 6 5 MZ 0 0 0 9C 1 / 9 5 8  
PR 0 0 0 9NC 3 / 1 2 3 3  MZ 0 1 0 9/ 1 5 2 8  
C LCTC 1 / 1 5 8 2 PR 0 1 0 9NC 1 / 1 6 6 1  
C LCTC 2 / 1 7 4 1  
C LC TC 2 / 1 6 5 5  PR 0 0 0 9NC 2 / 1 6 5 7  
C LC TC 2 / 1 2 8 1 PR 0 0 0 9NC 2 / 1 5 8 5  
PR 0 0 0 9NC 3 / 1 7 7 5  
C LC TC 2 /  9 6 8 PR 0 0 0 9NC 1 / 1 5 8 5  
C LC TC 1 / 1 95 3 
C LC TC 3 / 1 2 2 3  M Z 0 0 0 9C l / 1 5 2 0  
C LCTC 2 / 1 6 3 8 
C LC TC 2 / 1 6 3 8  
P R 0 2 0 9NC 1 / 1 1 2 6  
GRA S/ 1 5 6 7 
PR 0 0 0 9N C 1 / 1 6 8 8  
C LCTC 3 / 1 9 5 0 
C LCTC 3 / 1 6 8 8  
C LCTC 4 / 1 6 5 7  
M Z  0 0 0  9C 2 / 1 7 5  6 
C LA S S  
P R 0 1 0 9NC 1 :  
PR 0 1 0 9NC 2 :  
PR 02 0 9NC 1 :  
P R 0 2 0 9NC 2 : 
P R 0 3 1 0NC 1 :  
PR 0 5 7 0N : 
PR 0 7 9 0 N C 1 :  
A PPEND I X  3 
( c ont inue d ) 
C ONFU S I ON C LA S S/Dt 
M Z 0 1 1 9/ 3 7 5  M Z 0 0 0 9C 2 / 9 6 4 
M Z 0 3 3 0C 3 / 1 5 9 5 C LC TC 1 / 1 6 0 �  
M Z 0 5 5 0 / 1 7 1 5  
GRA S 1 / 1 3 4 3 M Z 0 0 0 9C l / 1 4 8 5  
GRA S 2 / 1 6 1 3  C LCTC 3 / 1 7 5 1  
M Z 0 0 0 9C 2 / 4 2 4  M Z 0 1 0 9/ 8 2 0  
C LCTC 3 / 1 1 2 6  PR 0 1 0 9NC 1 / 1 2 3 9  
GRA S 1 / 1 7 0 6  
M Z 0 3 3 0C 2 / 1 1 2 8  PR 0 3 1 0N C 1 / 1 2 7 8 
GRA S 2 / 7 5 3  P R 0 2 0 9NC 1 /  9 6 7 
PR 0 1 0 9NC 2 / 1 5 8 6  M Z 0 1 0 9/ 1 6 6 9  
M Z 4 5 8 0NC 1 /  9 7 6 MZ 5 5 9 0N C 1 /  9 8 2  
PR 5 0 5 0TC 1 / 1 0 7 9  P STB/ 1 2 0 3  
PR 1 0 9 0 N / 1 4 5 2 M Z 4 5 7 0TC 1 / 1 5 0 4  
M Z 4 5 8 0NC 1 / 1 7 5 1  
PR 1 0 9 0T/ 3 8 1 EUC A/ 1 4 3 3  
M Z 0 2 0 9 / 1 6 7 2  PR 1 0 9 0N / 1 8 0 5  
9 5  
PR 0 2 0 9NC 1 / 1 2 3 9  
C LC TC 3 / 1 6 6 1  
P R 0 3 1 0NC / 1 5 8 6  
PR 0 3 1 0NC 1 /  9 6 7  
M Z 0 0 0 9C 1 / 1 3 8 9  
GRA S 2 / 1 8 5 1  
PR 0 2 0 9NC 2 / 1 2 7 8  
M Z 0 0 0 9C 2 / 1 7 3 3 
M Z 2 0 9 0 C 2 / 1 0 0 1  
PR 4 5 5 0TC 2 / 1 2 93 
M Z 5 5 8 0T/ 1 5 2 1  
PR 1 0 7 0N / 1 6 0 0  
C LA S S 
P R 1 0 7 0N : 
P R 1 0 9 0N : 
PR 1 0 9 0T : 
PR 1 5 9 0T :  
PR 2 0 9 0NC 1 : 
A P PEND I X  3 
( c ont inued ) 
CONFUS ION C LA S S/Dt 
P R 1 0 9 0T/ 9 9 2  PCTA/ 1 0 0 4  
P R 0 7 9 0N C 1 / 1 6 0 0  PR 4 5 5 0TC 2 / 1 7 1 4  
PR 1 5 9 0T/ 6 2 6 P PAT/ 6 3 7  
P R 4 5 5 0TC 2 /  s s e  PR 4 5 5 0TC 1 / 1 1 6 7 
PLMB/ 1 3 8 9  MZ 2 0 9 0C 1 / 1 4 0 6  
PR 2 0 9 0N C 1 / 1 6 2 7 PR 1 0 9 0T/ 1 6 4 4 
M Z 5 5 9 0N C 1 / 1 7 3 1 
PR 0 7 9 0N C 1 /  3 8 1 PR 1 0 7 0N /  9 9 2  
PR 1 0 9 0 N / 1 6 4 4  MZ 2 0 9 0 / 1 8 6 7  
PR 2 5 7 0N /  3 3 8  PR 1 0 9 0 N /  6 2 6 
PR 2 0 9 0N C 1 / 7 0 0  PR 4 5 5 0TC 1 / 9 1 8  
PR 4 5 5 0TC 2 / l 5 6 2 PR 2 0 9 0TC / 1 6 1 8 
PR 2 5 9 0NC 1 / 1 7 0 4  
PR 4 5 5 0TC 1 /  6 7 5  PR 1 5 9 0T/ 7 0 0  
PR 2 5 7 0N / 1 0 1 6  P PAT/ 1 1 9 6  
PR 2 0 9 0TC 1 / 1 8 6 3  
9 6  
PR 1 0 9 0N / 1 5 3 0  
P R 2 5 7 0N /  8 0 1  
M Z 4 5 7 0TC 1 / 1 2 7 9  
P R 0 5 7 0N / 1 4 5 2  
P C TA 1 5 / 1 6 7 0 
EUC A / 1 4 9 6  
P PAT/ 6 8 9  
P C TA 1 5 / 9 4 8 
P LMB/ 1 6 8 3  
P C TA 1 5 /  9 5 1 
P R 1 0 9 0N / 1 6 2 7  
C LA S S  
PR 2 0 9 0TC 1 :  
PR 2 5 7 0N : 
PR 2 5 9 0N C 1 :  
PR 4 5 5 0TC 1 :  
PR 4 5 5 0TC 2 :  
A PPEND I X  3 
( c on t i nue d ) 
C ONFUS ION C LA S S / Dt 
PR 5 0 9 0N C 1 /  3 94 PR 2 5 9 0N C 1 /  4 2 9 
P C AT 1 5 / 1 1 4 4  PNGA 3 5 / 1 5 5 9  
PR 1 5 9 0T/ 1 6 1 8 PR 4 5 9 0N / 1 6 8 2  
PR 1 5 9 0T/ 3 3 8  PR 1 0 9 0 N / 8 0 1  
PR 2 0 9 0N C 1 / 1 0 1 6  PR 4 5 5 0TC 1 / 1 2 0 8  
PR 4 5 5 0TC 2 / 1 3 6 4 PR 2 0 9 0 TC 1 / 1 7 4 9  
PR 5 0 9 0NC 1 /  1 8 4 PR 2 0 9 0TC 1 /  4 2 9 
PM UR / 9 6 1  PR 4 5 9 0N / 1 0 7 5 
PCTA 1 5 / 1 5 9 1  PCTA 3 0 / 1 6 4 8  
PR 1 5 9 0 T/ 1 7 0 4  
P PAT/ 6 7 2  PR 2 0 9 0NC 1 /  6 7 5  
PCTA 1 5 / 1 0 2 7  PR 1 0 9 0N / 1 1 6 7 
LR CH/ 1 6 4 7  M Z 2 0 9 0 C 1 / 1 6 7 3  
POND 4 0 P / 1 7 4 8 
M Z 4 5 5 0TC 1 / 6 7 9 MZ 2 0 9 0TC 1 /  8 1 6 
PR 1 0 9 0N/ 8 5 8  M Z 5 5 9 0NC 1 / 1 1 6 5 
PR 2 5 7 0N / 1 3 6 4 LRC H/ 1 3 9 5 
M Z 2 0 9 0C 2 / 1 5 6 6 PR 5 0 5 0TC 1 / 1 6 2 6  
M Z 4 5 8 0NC 1 / 1 7 1 4  
9 7  
PR 5 0 5 0N C 1 /  8 6 4  
PMUR/ 1 6 0 8  
PR 2 5 7 0N / 1 7 4 9 
P PAT/ 9 0 5  
P C TA 1 5 / 1 2 8 7 
PR 5 0 5 0N C 1 /  9 1 2 
PNGA 3 5 / 1 4 6 7  
P C TA 4 5 / 1 6 9 5 
PR 1 5 9 0T/ 9 1 8 
PR 2 5 7 0N / 1 2 0 8 
PR 4 5 5 0TC 2 / 1 6 9 4 
P LMB/ 8 5 1  
P R 0 5 7 0N / 1 2  93 
PR 1 5 9 0T/ 1 5 62 
PR 4 5 5 0TC l / 1 6 9 4 
C LA S S  
PR 4 5 9 0N : 
PR 5 0 5 0N C  1 :  
PR 5 0 5 0TC 1 : 
PR 5 0 9 0N C  1 :  
M Z 0 0 0 9C l : 
M Z 00 0 9C 2 : 
9 8  
A P PEND I X  3 
( c on t i nue d ) 
PC TA 3 0 /  4 2 4  
PR 5 0 9 0NC 1 / 1 3 5 7  
PR 5 0 5 0N C 1 / 1 7 5 6  
PR 5 0 9 0NC 1 /  4 4 5  
P R 2 5 9 0NC 1 /  9 1 2  
P C TA 1 5 / 1 4 3 1  
M Z 5 5 9 0NC 1 /  8 1 5  
M Z 2 0 9 0 C 2 / 1 2 2 6  
P R 4 5 5 0TC 2 / 1 6 2 6 
PR 2 5 9 0NC 1 /  1 8 4 
PNGA 3 5 / 1 0 3 8  
PCTA 1 5 / 1 5 1 6  
GRA S/ 6 7 0  
C ONFU S I ON C LA S S/Dt 
PM UR/ 6 0 7 P R 2 5 9 0N C 1 / 1 0 7 5 
PR 2 0 9 0TC 1 / 1 6 8 2  P C TA 4 5 / 1 6 8 7  
PNGA 3 5 /  6 3 0 PR 2 0 9 0TC 1 /  8 6 4 
POND 4 0 P / 1 2 1 9  PM UR / 1 3 5 9  
P OND 5 0 / 1 6 7 8  P R 1 5 9 0T/ 1 7 9 5  
P STB/ 9 5 2  P R 0 5 7 0 / 1 0 7 9 
MZ 5 5 8 0T/ 1 4 0 4 M Z 4 5 8 0N C / 1 5 7 9 
M Z 4 5 7 0TC 1 / 1 6 9 3 P LMB/ 1 7 1 4  
PR 2 0 9 0TC 1 /  3 9 4 P R 5 0 5 0N C 1 /  4 4 5  
PM UR/ 1 0 5 5 PR 4 5 9 0N / 1 3 5 7  
PCTA 4 5 / 1 5 3 5  P OND 4 0 P / 1 7 4 4  
C LCTC 3 /  9 5 8 M Z 00 0 9C 2 / 1 3 3 8  
PR 0 2 0 9NC 2 / 1 3 8 9  PR 0 1 0 9NC 2 / 1 4 8 5 P R 0 0 0 9NC 3 / 1 5 2 0  
P R 0 3 1 0N C 1 / 1 7 4 6 
PR 0 2 0 9NC 1 / 4 2 4  M Z 0 1 0 9 / 6 6 2  C LCTC 3 /  8 6 5  
PR 0 1 0 9NC 1 /  9 6 4  M Z 0 0 0 9C 1 / 1 3 3 8  P R 0 3 1 0N C 1 / 1 7 3 3  
C LA S S  
M Z 0 1 0 9 :  
M Z 0 2 0 9 :  
M Z 0 3 3 0 C l : 
MZ 0 3 3 0 C 2 : 
M Z 0 3 3 0C 3 : 
M Z 0 5 5 0 : 
M Z 1 0 7 0 : 
M Z 1 0 9 0 : 
M Z 2 0 8 0N : 
MZ 2 0 9 0NC 1 :  
A PPENDIX 3 
( c on t inue d ) 
9 9  
C ONFU S I O N  C LA S S / D t  
PR 0 1 0 9NC 1 /  3 7 0 MZ 0 0 0 9C 2 / 6 6 2  P R 0 2 0 9NC 1 /  8 2 0  
C LCTC 3 / 1 5 2 8  M Z 0 3 3 0C 3 / 1 6 2 7 PR 0 3 1 0N C 1 / 1 6 6 9  
C LCTC l / 1 7 1 2  
M Z 0 3 3 0 C 2 / 1 2 84 PR 0 7 9 0NC 1 / 1 6 7 2  PR 0 3 1 0N C 1 /1 8 0 4  
M Z 1 0 7 0 / 1 2 3 8  M Z 0 5 5 0 / 1 3 93 P C TA 5 / 1 8 9 7 
PR 0 2 0 9NC 2 / l l 8 8 . M Z 0 2 0 9 / 1 2 8 4 P C TA 5 / 1 7 5 1  
PR 0 1 0 9NC 1 / 1 5 9 5  M Z 0 1 0 9 / 1 6 2 7  M Z 0 5 5 0 /1 7 4 9  
MZ 0 3 3 0C l / 1 3 93 PR 0 1 0 9NC 1 / 1 7 1 0  
PCTA 5 / 1 2 3 6  MZ 0 3 3 0 C l / 1 2 3 8  M Z 4 5 8 0NC 1 / 1 3 2 6  
M Z 4 5 8 0T/ 1 6 4 6  PR 1 0 7 0N / 1 7 4 8  
M Z 2 0 8 0N /  7 4 9 M Z 3 0 /  8 5 5  M Z 5 5 8 0T/ 1 8 3 9 
M Z 3 0 /  3 9 3 M Z 1 0 9 0 /  7 4 9 M Z 5 5 8 0T/ 1 6 8 2 
M Z 4 5 � 0N C 1 / 1 8 6 6  
M Z 4 5 7 0TC 1 / 5 6 7 LR CH/ 6 6 8  PR 4 5 5 0TC 2 / 8 1 6  
P PAT/ 1 3 5 4 PR 1 0 9 0N / 1 4 0 6  M Z 5 5 9 0N C 1 / 1 5 7 8 
M Z 2 0 9 0 C 2 / 1 6 2 9 PR 4 5 5 0TC 1 / 1 6 7 3  PR 2 5 7 0N / 1 7 7 7  
C LA S S  
M Z 2 0 9 0 C 2 : 
M Z 3 0 : 
M Z 4 5 7 0TC 1 : 
M Z 4 5 8 0NC 1 :  
M Z 4 5 8 0N C 2 :  
A P PENDIX 3 
( c ont inue d ) 
1 0 0  
CONFUS I ON C LA S S / D t  
M Z 5 5 9 0NC 1 /  8 9 6 PR 0 5 7 0N / 1 0 0 1  M Z 4 5 7 0TC 1 / 1 1 90 
M Z 4 5 8 0NC 2 / 1 2 0 3  PR 5 0 5 0TC 1 / 1 2 2 6 PR 4 5 5 0TC 2 / 1 5 6 6 
M Z 2 0 9 0C 1 / 1 6 2 9 P STB/ 1 6 4 6 M Z 5 5 8 0T / 1 8 3 1 
M Z 2 0 8 0N /  3 93 MZ 1 0 9 0 /  8 5 5  M Z 5 5 8 0T/ 1 3 7 1 
M Z 4 5 8 0NC 1 / 1 6 7 1  CHLW/ 1 8 B 3  
M Z 2 0 9 0C l / 5 6 7 PR 4 5 5 0TC 2 /  6 7 9  M Z 5 5 9 0N C 1 /  9 1 7 
M Z 2 0 9 0C 2 / 1 1 90 PR 1 0 9 0N / 1 2 7 9  P PA T/ 1 4 4 1  
M Z 4 5 B ONC 2 / 1 4 6 1 LRCH/ 1 4 6 3 PR 0 5 7 0N / 1 5 0 4  
P LMB/ 1 6 6 8  PR 0 1 0 9NC 2 / 1 6 9 3  P R 2 5 7 0N / 1 7 9 0 
M Z 5 5 8 0T/ 3 2 7  P STB/ 1 2 4 6  M Z 1 0 7 0 / 1 3 2 6  
PR 4 5 9 0N / 1 5 5 1  M Z 3 0 / 1 6 7 1  M Z 4 5 8 0N C 2 / 1 6 8 4  
PR 0 5 7 0N / 1 7 1 5 
PR 0 5 7 0N /  9 8 2  M Z 5 5 9 0NC 1 / 1 1 7 2  M Z 2 0 9 0C 2 / 1 2 0 3 
P STB/ 1 4 4 8  M Z 4 5 7 0TC 1 / 1 4 6 1 M Z 5 5 B OT/ 1 4 6 3 
PR 5 0 5 0TC / 1 5 7 9  P C TA 5 / 1 6 6 9  M Z 4 5 8 0N C 1 / 1 6 8 4  
P R 4 5 5 0TC 2 / 1 7 1 4  
C LA S S  
M Z 5 5 8 0T : 
M Z 5 5 9 0N C 1 : 
POND 4 0P : 
POND 4 0B : 
POND 5 0 : 
PCTA 5 : 
A P PEND I X  3 
( con t inue d ) 
M Z 4 5 8 0NC 1 /  3 2 7 
M Z 3 0 / 1 3 7 1 
PR 0 5 7 0N / 1 5 2 1  
PR 1 0 90N/1 8 1 9 
PR 5 0 5 0TC 1 /  8 1 5  
PR 0 5 7 0N /  9 7 6  
PLMB/ 1 5 3 3  
PR 1 0 9 0N / 1 7 3 1  
POND 5 0 /  6 9 8 
P C TA 4 5 / 1 2 8 8 
POND5 0 / 1 3 5 9  
P C TA 4 5 / 1 5 6 5 
POND 4 0P /  6 9 8 
PNGA 3 5 / 1 4 0 8 
PR 1 0 9 0 N / 1 8 6 6  
C ONFU S I ON C LA S S / D t  
P STB/ 9 8 3  
PR 5 0 5 0TC 1 / 1 4 0 4  
M Z 1 0 7 0 / 1 6 4 6 
M Z 2 0 9 0 C 2 /  8 9 6 
PR 4 5 5 0TC 2 / 1 1 6 5  
M Z 2 0 9 0C 1 / 1 5 7 8  
PNGA 3 5 /  7 5 5  
P OND 4 0B / 1 4 8 6  
P OND 4 0 P / 1 4 8 6  
PNGA 3 5 / 1 5 8 0  
EUCA / 1 3 1 4  
P C TA 4 5 / 1 5 0 6 
1 0 1  
PR 4 5 9 0N / 1 1 6 1 
M Z 4 5 8 0NC 2 / 1 4 6 3 
M Z 2 0 8 0N / 1 6 8 2  
M Z 4 5 7 0TC 1 /  9 1 7 
M Z 4 5 8 0N C 2 / 1 1 7 2 
P STB/ 1 6 1 4  
PR 5 0 5 0NC 1 /1 2 1 9  
PR 5 0 9 0NC 1 /1 7 4 4  
PNGA 5 0 / 1 5 5 4  
PR 5 0 5 0NC 1 /1 8 1 7  
POND 4 0B/ 1 3 5 9  
PR 5 0 5 0NC 1 / 1 6 7 8  
PR 1 0 7 0N / 1 0 0 4  
M Z 0 3 3 0C 2 / 1 7 5 1  
M Z 1 0 7 0 / 1 2 3 6  M Z 4 5 8 0NC 2 / 1 6 6 9  
C LA S S 
P C TA 1 5 : 
P C TA 3 0 : 
P C TA 4 5 : 
PNGA 3 5 : 
P N GA 5 0 : 
1 0 2  
A PPENDI X 3 
( c ont i nue d ) 
C ONFU S ION C LA S S/Dt 
PR 1 5 9 0T/ 9 4 8 PR 2 0 9 0NC 1 /  9 5 1 PR 4 5 5 0TC 1 / 1 0 2 7  
PR 2 0 9 0TC 1 / 1 1 4 4 
PR 5 0 9 0NC 1 / 1 5 1 6  
PR 1 0 9 0 N / 1 6" 7 0  
·PR 4 5 9 0N /  4 2 4  
P C TA 4 5 / 1 8 0 2  
PN GA 3 5 /  5 4 6  
PR 5 0 5 0NC 1 / 1 3 3 1  
P OND 4 0B/ 1 5 6 5M 
PCTA 3 0 / 1 80 2 
PCTA 4 5 /  5 4 6  
PR 5 0 9 0N C 1 / 1 0 3 8  
PR 2 5 9 0 NC 1 / 1 4 6 7 
PCTA 1 5 / l 8 0 0  
P OND 4 0B/ l 5 5 4 
PR 2 5 7 0N / 1 2 8 7 PR 5 0 5 0N C 1 /1 4 3 1  
P PAT/ 1 5 5 7  PR 2 5 9 0N C 1 / 1 5 9 1 
POND 4 0 P / 1 7 9 1 
PM UR/ 9 9 2  PR 2 5 9 0 N C / 1 6 4 8  
PM UR / 8 8 4  P OND 4 0 P / 1 2 8 8 
POND 5 0 / 1 5 0 6  PR 5 0 9 0N C 1 / 1 5 3 5  
PR 4 5 9 0N / 1 6 8 7  PR 2 5 9 0NC 1 / 1 6 9 5  
PR 5 0 5 0NC 1 /  6 3 0  POND 4 0P /  7 5 5  
PMUR / 1 2 2 7  POND 5 0 / 1 4 0 8  
PR 2 0 90TC 1 / 1 5 5 9  P ON D 4 0B / 1 5 8 0 
POND 5 0 / 1 9 5 7 
C LA S S  
P PAT : 
P LMB : 
PM UR : 




A P PEND I X  3 
( cont inued ) 
C ONFUS ION C LA S S /D t  
PR 1 0 9 0N /  6 3 7  PR 4 5 5 0TC 1 /  6 7 2 
PR 2 5 7 0N /  9 0 5  PR 4 5 5 0TC 1 /  9 9 2 
P LM B/ 1 2 6 8 M Z 2 0 9 0 C 1 / 1 3 5 4  
PCTA 1 5 / 1 S 5 7  M Z 4 5 7 0 TC 1 / 1 4 4 1  
PR 4 5 5 0TC 2 /  8 5 1  P PAT/ 1 2 6 8  
PR 2 5 7 0N / 1 5 2 6  M Z 5 5 9 0N C 1 / 1 5 3 3  
PR 1 5 9 0T/ 1 6 8 3  PR 5 0 5 0TC 1 / 1 7 1 4  
PR 4 5 9 0N /  6 0 7  P C TA 4 5 /  8 8 4  
P C TA 3 0 /  9 9 2 PR 5 0 9 0N C 1 / 1 0 5 5  
PR 5 0 5 0NC 1 / 1 3 5 9  PR 2 0 9 0TC 1 / 1 6 0 8  
PR 5 0 5 0TC 1 /  9 5 2  M Z 5 5 8 0T/ 9 8 3  
M Z 4 5 8 0N C 1 / 1 2 4 6  M Z 4 5 8 0N C 2 / 1 4 4 8  
M Z 2 0 9 0N C 2 / 1 6 4 6  C HLW/ 1 8 8 3  
M Z 5 5 8 0T/ 1 1 6 1  M Z 4 5 8 0N C 1 / 1 5 5 1  
M Z 2 0 9 0 C 1 /  6 6 8 PR 4 5 5 0TC 2 / 1 3 9 5 
P PAT/ 1 6 1 4 PR 4 5 5 0TC 1 / 1 6 4 7  
POND 5 0 / 1 3 1 4  PR 0 7 9 0N C 1 / 1 4 3 3  
POND 4 0P / 1 7 6 8 
1 0 3  
PR 1 5 9 0T/ 6 8 9  
P R 2 0 9 0N C 1 / 1 1 9 6 
LRC H/ 1 6 1 4  
P R 0 5 7 0N /1 7 9 1 
PR 1 0 9 0N / 1 3 8 9 
M Z 4 5 7 0TC 1 / 1 6 6 8  
PR 2 5 9 0N C 1 /  9 6 1 
PNGA 3 5 / 1 2 2 7  
POND 4 0P / 1 8 8 0 
PR 0 5 7 0N / 1 2 0 3  
M Z 5 5 9 0NC 1 / 1 6 1 4  
PR 0 5 7 0N / 1 7 9 0 
M C 4 5 7 0TC 1 / 1 4 6 3  
PR 1 0 90N /1 7 3 9  
PR 1 0 9 0T/ 1 4 9 6  
C LA S S  
P A STURE : 
GRA S 1 : 
GRA S 2 : 
WATR ( DR K ) : 
WATR ( B LU E ) : 
B URN C 1 :  
B URNC 2 :  
A PPEND IX 3 
( c on t inue d ) 
C ONFU S I ON C LA S S/Dt 
M Z 1 0 9 0 / 1 9 9 4  
M Z 0 0 0 9C 1 / 6 7 0 PR 0 1 0 9NC 2 / 1 3 4 3  
PR 0 2 0 9NC 1 / 1 _7 0 6  
PR 0 3 1 0NC 1 /  7 5 3  PR 0 1 0 9NC 2 / 1 6 1 3  
BURNC 1 / 1 8 6 1  
1 0 4  
C LC TC 3 / 1 5 8 7  
PR 0 2 0 9NC 2 / 1 8 5 1  
A l l  D t  val ue s = 2 0 0 0  
BURNC 2 / 1 8 4 5  
B URNC 1 / 1 8 4 5  
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Ma ye r , K . E . , Fo x ,  L .  1 9 8 1 . Id en t i f i c a t i o n  o f  c o ni f e r 
s p e c i e s  g ro up ing s f rom Lan d s a t  d ig i ta l  d a t a . 
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fo r e s t r y i s s ue s . Pro c e e d ing s  
I n t e rna t io na l  Sympo s i um  o n  
o f  t h e  El eventh 
Env i ro nm en t ; Env i ronm en t a l  
Remo t e  
Re s ea r c h  
Sen s ing 
Ins t i tu t e  
Mi c h i g an ; Ann Arbo r ,  M i c higan : 2 6 7 - 2 7 6 . 
Sm i t h , P . C .  1 9 8 0 . Cal ifo rnia co ni f e r s  t h r i v e  i n  Ne w 
o f  
o f  
Z e a l and . Cal ifo rnia Ag r i c ul tu r e . Aug . - S e p t . 
1 9 8 0 : 4 - 6 . 
Tal b o t , J . J . 1 98 1 . Wha t ' s  happ e n ing t o  t h e  wo r l d ' s  
f o r e s t  r e s o u r c e s . P ro c e ed ings o f  t h e  1 98 1  
Ma c h i n e  P ro c e s s i ng of Remo t e l y  S en s ed Dat a  
Sympo s i um ; Lab o ra t o ry f o r A pp l i c a t i on s  o f  
Re mo t e  S e n s ing , Pu r d ue Uni v e r s i t y ; W e s t  
Laf a ye t t e , Ind iana : 5 8 7 -5 9 2 . 
1 0 7 
Wal s h , S . J . 1 9 8 0 . C on i f e rous t r e e  s pe c i e s  map p ing us i ng 
Lan d sa t  d at a . Remo t e  Sen s i ng of Env i r o nment . 
9 ( 1 98 0 ) :  1 1 -2 6 .  
GOVERNMENT REPORT S 
A l d r i c h , R . C . ; No r i c k , N . X . ; G r e e n t r e e , W . J . 1 9 7 5  
F o r e s t  invent o ry . Eval uat i o n  o f  ERT S - 1  Da t a  fo r 
Fo r e s t  and Rang e l and Su rv ey s . Te c hn i c al 
C o o r d ina t o r : Rob e r t C .  Hel l e r .  U S DA F o r e s t  Se rv i c e 
Re s e a r c h  Pape r P SW - 1 1 2 . Was h in g t on , DC . :  Gov ' t .  
P ri n t i ng Off i c e .  
And e r s o n , J . R . ; Hardy , E . E . ; Roac h ,  J . T . ; W i tme r , R . E .  
1 9 7 6 . A l and us e and l an d  c o v e r  c l a s s if i ca t i on 
s y  t ern f o r  u s e  wi th r emo t e  s e ns o r  d a t a . Uni t e d 
St a t e s  Ge o lo g i cal Su rv ey . P ro fe s s i on a l  pape r ; 
9 6 4 . Wa s h ington , DC . :  Gov ' t .  P r i n t ing Of f i c e . 
Boyd , J .  1 9 8 0 . Ro t o rua f o r e s t s  - a h i s t o ry . New 
Z e a l and Fo re s t  S e r v i c e . Gov e r nmen t P r i n t e r . 
W e l l i ng t on , N . Z . : 4 0  p .  
E r b , R . B .  1 9 7 4 . ERT S -1 fo re s t  ana l y s i s . The ERT S -1 
I nv e s t i gat i o n  Vol . I I I . NA S A . L . B . J . Spa c e  
C ent e r , Hous t on ,  Te xas . 
1 0 8  
W i l l iams , D . L . ; Hav e r ,  G . F .  1 9 7 6 .  Fo r e s t  l and management 
by s a t e l l i t e . NA SA . God d a rd Spa c e  F l i ght C en t e r ,  
G re e nb e l t , M a r y l and . 3 6  p .  
W i l l i am s , D . L . ; M i l l e r , L . D .  1 97 9 .  Mo n i t o r i ng fo re s t  
c anopy a l t e r a t i on a r ound the wo r l d  w i t h  d ig i t a l  
anal y s i s  of Land s a t  image r y . NA SA . G o d d a r d  
Spa c e  Fl ight C e nt e r , G re en b e l t , M a r y l and . 4 5  p .  
F . A . O .  1 9 7 8 .  P r o du c t i on Yea r b o o k . Rome , I t a l y . 
F . A . O .  1 98 2 . Ye a rbook of A g r i c u l t u ra l  P ro du c t ion . 
Rome , I t a l y . 
